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ABSTRACT 

The student is introduced in this aodule to sose 
fundaaental concepts of electricity* The aodule is divided into five 
lessons: electricity and the electron, electron soveaent, current 
flow, aeasureeent of current, and the asseter. Each lesson consists 
of an overview, a list of study resources, lesson narratives, 
prograaed aaterials, and lesson suaaaries. (Author/BP) 
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OVERVIEW 



MODULE ONE 
ELECTRICAL CURRENT 



in this module you will be introduced to 5«ne fundamental concepts 
of electricity. You will learn what electrical current is and does, 
how to build a slnple circuit, and how to measure current in that 
circuit. 

For you to more easily learn the above, this module has been dl~ 
vided into the following five lessons: 



Lesson I. Electricity and the Electron 

Lesson 11. Electron Movement 

Lesson III. Current Flow 

Lesson tV. Measurement of Current . . . 

Lesson V, The Ammeter 



Do not be concerned at this time with names or terms unfamiliar to 
you. Each will become clear as you proceed. However, If you have 
any questions, do not hesitate to call your instructor. Turn to 
the following page and begin Lesson I, 
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OVERVIEW 
LESSON I 
Electricity and the Electron 

in addition to the Module Overview, as you start each lesson, you 
will find a lesson overview like this one* it !s merely an outline of 
what you will study and learn to do in each lessee. In this lesson you 
will study and learn about th't following: 

-what electricity does 
-what electricity is 
-movement Inside a solid wire 
-a M)rd on theory 

-the electron and two other particies 
-the atom 

-wire and other materials 

-composition of matter 

-space between atomic particles 

Each of the above topics will be discussed in the order listed, ms 
you proceed through this lesson, cAserve and follow directions 
careful ly. 

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON 
THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON I 
Electric? ty and the Electron 



To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the following: 

STUDY BOOKLET: 

Lesson Narrative 
Prograrm^d instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

Soeke, K. Cosmic View: The Universe In 40 Jumps . 

N^ York: The John Day Company, 1957* 
NAVPERS 93400A-la "Basic Electricity, Direct Current." 

Fundamentals of Electronics . Bureau of Naval Personnel. 

Washington, O.C; U.S. Government Printing Office, 1965. 

Rai^ber, you may study all or any of these that you fee! are necessary 
to answer all Progress Check questions correctly. Do not forget that 
in OHA sense of the vKird your instructor Is a living resource; perhaps 
the best. Call him if you have any kind of a probl&n. 

YOU HAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU HAY 
TAKE THE PRO&RESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON I 

Electricity and the Electron 



Vftiat Electricity Does 

Host of u% know v^at electricity does« It makes telephones, 
radios, televisions, toasters, and Mashing machines work , to name 
a few. Without electricity, cars, trains, and ships will rn^t 
move. Electricity makes the lamp on your power supply and the 
light In your classrocm glcM. We krK>w v&iat electricity does^ but 
what is electricity itself? Let's see if we can find the answer. 



Finding Out What Electricity Is 

To first find out what electricity Is, think of it as coming 
through wires. Wfwther It be ycHir television set, or your toaster, 
or the light in ^ur classromi or on your po^^r supply, the elec- 
tricity is carried thrc^gh wires. Without wires carrying energy, 
none of these would work. Renwnber v&ten you plugged your power 
supply Into the outlet In the wall? Not only are there wires on 
your power supply, but there are wires Inside the wall leading 
to the outlet. There are also wires Inside the wall that lead 
to the on-off switch that turns on the light In your c1assro<OT« 
Therefore, to learn i^at electricity is, let^s first consider 
the wires that carry this electricity. 



At this time, disconnect any wire fr<m your p(Mer supply. 
Look at the end of It. Does It semf\ solid or hollow? 



The ansv^r Is: 'H'he wire seems sol id J* 



Movement Inside a Solid Wire 

it is perhaps much easier to see v&\at electricity is by visualizing 
It Inside a wire. Although this wire is not hollow like a water 
hose through i^lch water flows, scientists tell us there Is 
fwvement within this solid wire. The question Is, **How can this 
be?'^ You can't see anything moving; you can't feel anything 
moving. When we say scmething Is moving, we mean sonethlng Is 
flowing like a current of water. For the moment, then, let's 
assume the truth of what the scientists say, that there Is move*- 
ment or flow within a wlre« 
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A Word on Theory 

We refer to this TOvement or flow within a wire as a theory be- 
cause it cannot be directly observed by seeing^ hearingt smelling, 
or feeling. The moveiwnt cannot be verified by your senses. Yet 
this scientific theory explains how electricity h^rks, and Is 
verifiable by Indirect measurement and c^servation. 



The Electron 

in their theory of explaining v^at electricity is and hcM it works, 
the scientists use the concept of the electrwi . In their theorizing, 
scientists see this electron as a particle that can move* tt is a 
submicroscopic particle, that is, It is too small to see even with 
the most fK^werful microscope made. 



The Electron and Two Other Particles 

Also within that wire are billions and billions of two other par* 
tides. These other tM> particles are ^usually found with the 
electron. Scientists have named these other two pdi tides the 
neutron and proton . The electron, neutron, and protCKi can be 
visual ized as looking somewhat like this: 




The neutron and proton are represented by the N and £ circles; 
the electron is the one labled e. Scientists Helleve that all 
electrons are exactly alike, a iT protons are alike, and all 
neutrons are alike. 



The Atom 



For a moment, think of the major parts of our solar system: the 
sun and the planets. Vittille there are several parts, together 
they make up the full solar system. In the same way, three 
basic particles called electrons , neutrons , snd protons are 
grouped together and jointly constitute the atom* We refer, 
then, to the atom as having all three of these con^nent particles. 



Wire and Other Materials 

Wire is only one kind of material that has atcms made up of 
electrons, protons, and neutrcK^s* Your pencil is made up of 
atoms; sc is your paper and the v^d in your desk. Glass has 
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atoms, dir has atums« clothes have atoms* water has atoms » bricks 
have atoms; the fenders on your car^ your steering wheel, all are 
made up of atoms. In other words * all matter has atoms . As 
stated, all electrons are alike, all protons are alike, and all 
neutrons are alike. However, you can't use a piece of glass to 
carry electricity as you can a piece of wire. The difference in 
materials lies In the nun^r and arrangement of these subatomic 
particles within the Individual atcms. 



Cofl^osltion of Hatter 

In an atom, the neutr<Ki and protOT are about the same size and 
weight. They are thought of as being together and forming 
the nucleus, or center of the atom, as shown: 



The electron, on the other hand, is much lighter (about 1/18*5 
the weight of a proton) and orbits about the nucleus at a 
relatively large distance. 




One Type of Nucleus 



One Type of Atom 




Unless an electron is forced away from its nucleus, it will 
continue to be part of the dt<m. 



Label these particles of an atom. 




Narrative One*! 



Correct answers are: 




In an atom, the distance separating electrons from the nucl^s 
is about lOOtOOO times the diaiMter of the nucleus. The atom Is 
mostly &npty space* 

Thus far« we have shc^ you a diagrw) of a simple atom in order 
for you to understand the relationship between the electron* 
neutron 9 and proton. 



HoiMver, each kind of material - wood, glass* Iron* wire * may 
have several different kinds of atoms. In fact, there may be 
n^ny electrons and many neutrons and protons that make up any one 
type of at<^. Remen^rt hM^ever, that the electrcm Is at a 
relatively large distance from the nucleus. 

Materials are made up of a variety of about 100 different 
elanents or kinds of atoms. These many different kinds of atoms 
in various combinations with each other make up all matter except 
the atomic particles themselves. The nun^r of particles in the 
nucleus varies frcm one kind of material to another. For exan^le, 
one sf^cif Ic kind of atom has two neutrons and two protons In 
the nucleus. It is Illustrated like this: . _ 




in a wire made of copper, the kind you find on your poi^r supply 
and in the walls, the copper atom has a nucleus that contains 
63 particles, and 29 of these are protons. 



AT THIS POINT, YOU HAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY 
ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS 
CHECK AND ANSWER ALL OF THE (^ESTtONS CORRECTLY, GO TO THE NEXT 
LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL 
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON I 

Electricity and the Electron 

YOU MAY ALREADY KNOW THE INSTRUCTIONAL MATERIAL IN FRAMES ! to 7. 
TO FIND OUT, GO TO FRAME 8. WHICH IS A TEST FRAME, AND SEE IF YOU 
CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN 
AFTER THE TEST FRAME. 



1. Electrical energy is transferred fr«n one point to another through 
conductors such as the wires on your power supply. 

Look at the wires on your (x>wer supply. They appear to be: 

^ a. hoi low. 
b. solid. 



(b) solid 



2. Electricity Is supplied to the lamp on your power supply by 
the mov&nent of many billions of tiny particles within the 
wires. 

These special particles can move: 

a. through solid wire. 

b. only through hollow wire. 



(a) through solid wire. 



3. Ther^ are many billions of these minute particles moving within a 
small section of wire. Because of their size, the mov^nent cannot 
be seen even with a microscope. 

Electricity can only be fully explained by: 

^ a. a theory. 

b. direct observation. 



(aj a theory 
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4« The theory that is used to explain electricity Is based on the 
fact that at) matter Is made up of atoms, and the atom In turn Is 
composed of particles grouped together as shown below: 




How many basic kinds of particle? are found In the wire of your 
power supply? 

a. six c. three 

b« four d. two 



(c) three" 



5« The term '^electricity^* can associated with the atomic particle 
that Is the most mobile or electrlcaHy active ^ 

The particles that move within the wire and cause the lamp 
to 1 Ight are: 

a. protons « 

b. electrons* 

c. neutrons « 



(b) electrons 



6. You can Infer that the theory generally used to explain electricity 
is cal led the: 



^ a« proton theory* 
^ b. neutron theory. 
c. electron theory. 



U? electron theory 



7. The electron theory explains electricity as the movement of 
subatomic particles called . 



ERIC 



"~ (etectfons) 

9^ 10 



•^•"^ One-I 

8. Check the correct statements. 

a « Electricity is explained by something you can see. 

b. Electricity is explained by a theory. 

c. A 1/2- inch section of wire that Is 1 Inch In diameter 

would contain fewer than 100 particles. 

1^. A 1/2- inch section of wire that is I Inch in diameter 

would contain many billions of particles. 

_ e. Particles can move within a solid wire. 

^f. Particles can move only through a hollow wire. 

3' Electricity is explained by the movement of protons. 

Electricity is explained by the movement of electrons. 

i. Electricity Is explained by the mov^nent of neutrons. 

rfHfs A TESt tkMi. tMAkt V6tjR With tUi ttRktci 

ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 8 

b. Electricity Is explained by a theory. 

d. A 1/2-inch section of wire that is 1 Inch In diameter 
would contain many billions of particles. 

e. Particles can move within a solid wire. 

h. Electricity Is explained by the movement of electrons. 

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS. YOU MAY GO ON 
TO TEST FRAME 12. OTHERWISE, GO BACK TO FRAME I AND TAKE THE 
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 8 AGAIN. 



9. The particle that moves through a wire to make up electricity 
is the outermost particle. 

Write the name of this particle on the correct blank below. 



(c) electrmi . — . 

10. Protons and neutrons combine to form the nucleus of the atom. The 
nucleus will always contain one or more protons; neutrons may 
or may not be present depending 9n the type of material. 




Check the lettered arrow that Indicates the nucleus. 
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tl. in a solid material » the nucleus^ for all practical purposes* 
remains stationary vi\\]e the electrons are the active particles. 

Check the particles which are not very mobile. 

a. neutrcMs 

_ b. electrons 
c. protons 



neutrws; and (c) protons' 



12. Label the three particles. 




(THIS iS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 12 

a. electron 

b. neutron 

c. proton 

Note: All electrons are alike; all protons are 
alike; and all neutrons are alike. 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU HAY 
GO ON TO TEST FRAME 21. OTHERWISE, GO BACK TO FRAME 9 
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST 
FRAME 12 AGAIN. 



13. The particle that has the greatest nx)bllity is the lightest 
of the three. 

Check the arrow that indicates the lightest particle. 



(c) electron 



l^f. The particles in the nucleus are heavier than the particles 
that rrove. 

Check the heavy particles. 



s 





® 
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15. Match the following parts in Column B to the characteristics 
of the parts listed in Column A, Do so by writing the ap- 
propriate letters on the blanks provided opposite the numbers. 

A B 

1. light a. electron 

2. heavy b. nucleus 

3. in center 
relatively far from the center 



(?. a-electron; 2. b-nucleus; 3* fa-nucleus; a-eecton) 
I6« You have seen this diagram^ 

b 



o 




The dotted line will indicate that the lightest particles are 
orbiting the other two kinds of particles. 

Check the correct statement - 

a. The neutron orbits the proton and electron. 

b. The electron orbits the nucleus. 

c. The proton orbits the nucleus. 



(b) The electron o. ts the nucleusT 



17. The three different kinds of particles make up what is called 
an atom. 

Name the three basic particles of an atom. (Any order) 



(etectron. proton, neutron) 
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18. All matter is composed of atoms. Atoms are similar in that they 
are all cuif)posed of the same atomic particles. The difference 
between types of matter lies in the nur^er and arrangement of 
these particles. 

If we could replace some of the copper nucleus protons with 
neutrons, the atomic make up of the new wire would be: 

^ a. the sante- 
b. di f ferent . 



(b) di f ferent 

19. Regardless of the atomic structure of a material, there will 
usually be an equal number of electrons and protons in the 
atoms. This is said to be a normal or neutral condition for 
the atom. 



Which of the illustrations shows an atom in a neutral state? 




(c) 

20. A copper atom has 3^ neutrons and 29 protons. 

How many electrons does ft have In Its normal condition? 



(29 ~ same as the number of protons) 
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21. Match the following: 

(Some may require more than one answer.) 

1. in nucleus a. electron 

2. lightest particle b. neutron 

3* farthest from center c. proton 

of equal number In atom d. atom 

5. orbits nucleus 

6« composed of three basic particles 
7. most mobile In a wire 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN ON THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST F?IAME 21 

1. b-neutron, c-proton 

2. a-electron 

3. *a-electron 

k, a-electfon, c-proton 

5. a-electron 

6. d-at(»n 

7. a-electron 

^The relative distance of the atonic electrcxts from the 
nucleus is about 100,000 times the diameter of the nucleus. 



IF ANY OF YOUR ANSWERS ARE INCORRECT , GO BACK TO FRAHE 
13 AND TAKE THE PROGRAMMED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT. YOU MAY TAKE THE PROGRESS 
CHECK, OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS 
CORRECTLY, GO ON TO THE NEXT LESSON. IF NOT, STUDY ANY 
METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. 
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SUMMARY 
LESSON i 

Electr id ty and the Electron 



The energy which causes telephones, radios, washing machines, and 
toasters to work is called electricity . This electricity comes to 
most electrically operated devices through wires. In a ccMimercial 
power system, such as the one supplying your home or this building, 
these wires form a network that runs all the way from the lights 
and wall outlets in this room to a main generating plant, possibly 
hundreds of miles away. 

To start your study of electricity, think about the wires that bring 
electrical energy to the point where it is used. How can energy 
be carried through a piece of solid metal? The atomic structure 
of matter supplies the answer to this question. Vlhen the submicroscopic 
appearance of wire is considered. It is found that the wire Is not as 
solid as might be thought. The wire is actually made up of billions and 
billions of atoms which have relatively large an»unts of space In and 
between them. 

To understand what moves inside the wire, you must consider the atoms 
from which it is formed. According to the atonic theory, all atoms 
are c(^fK>sed of two basic particles - the electron and the proton, 
usually existing in equal numbers, in most cases there Is also a 
third particle known as the neutron. The electron Is the particle 
which moves through the wire carrying electrical energy from the 
generator to the user. In our model of an atom, the electrons orbit 
the nucleus which is made up of the protons and neutrons. 




All materials have an atomic structure, and all atons contain the 
same basic particles. The difference In atcrnis (and materials) Is 
in the numbers of electrons, protons, and neutrons that nuke up 
the specific atom. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON. IF NOT, SELECT ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON t I 
Electron Mov«Twnt 

We have seen that electrons are usually bound to an atom. We have 
also Inferred that a flowing stream of electrons constitutes 
electricity. This lesson will make clear the difference between 
these two possible states of electrons, in this lesson you will 
study and learn about the following: 

-movement of particles 
-negative and positive charges 
-neutral particles 
-law of charged bodies 
-random drift 

Each of the above topics will be discussed In the order listed. As 

you proceed through this lesson, c^serve and follow directions carefully. 



BEFORE YOU START THIS LESSON. PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON II 
Electron Mov^itent 

To learn the material In this lesson, you t»ve the option of choosing, 
according to your experience and preferences, any or all of the 
fol lowing: 

STUDY BOOKLET: 

Lesson Narrative 
Progrvr^med instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

NAVPERS 93400A-1a "Basic Electricity, Direct Current." 

Fundamentals of Electronics . Bureau of Naval Personnel. 
Washington, D.C.: U. S. Goverrvnent Printing Office, 1965. 

You may study whatever learning materials you feel are necessary to 
answer the questions in the Lesson Progress Checlc. All your answers 
fflu<(t be correct before you can ^ to Lesson III. Remember your in* 
structor Is available at all times for any assistance you may need. 
YOU HAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON It 

Electron Movement 

Movement of Particles 

Think about the title of this lesson, **EIectron Movement.*' We 
are speaking here of the movement of the electrons within solid 
material such as a wire. The other two principle atc^nlc particles, 
the neutron and proton, are too heavy and too tightly bound 
together to move around in the wire as freely as the electrons 
do. 



Charg es 

To understand the moven^nt of electrons, you must imderstand 
the term charge . A charge can be defined as "a store or accumulation 
of force.'' Two of the three basic atomic particles, the electron 
and the proton, have a charge and are called charged particles . 
Some charged particles attract each other and some repel. Let's 
see which attract and which repel. 



Negative and Positive Charges 

Recall that the electrons orbit the neutrc^s and the protons of the 
atomic nucleus. The electrons do this because their tendency to 
fly away due to centrifugal force is balanced by an attraction 
to the protons In the nucleus. The attraction Is strong enough 
to keep the electron within the atom, but not strong enough to 
draw it to the nucleus. The part to r^iember here is that the 
electron Is attracted to the proton. Knowing this, let's 
suppose that we refer to the electr<H> as a negative (^) charge 
and a proton as a positive charge. They are unlike charges. 



Answer this question. 

I. Do unlike charges attract oi repel? 



The ansvmr Is that unlike charges attract. TN negatively 
charged electron Is attracted to the positively charged proton. 



Neutral Particles 

As we commonly use the term, anything that Is neutral Is neither 
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one way nor the other. A neutrat particle is neither attracted 
nor repelled by other charged (or uncharged) particles. You can 
observe that word neutral resembles neutron. 



Name the atomic particle that is neither attracted 
nor repelled by other charged particles. ______ 



The answer, of course, is neutron . It is neither attracted nor 
repelled by either the electrc^ or proton. The neutron plays 
no noticeable role In electric current. 



Lilte Charges 

We said that the electron has a negative charge and that the 
proton has a positive charge. Because they are unlike charges, 
they attract each other. But what about two electrmis, tK)th 
negatively charged, or two protons, both positively charged? 
The answer is that **\\ke charges repel." 



Answer this question. 

V/hlch two repel each other? 

two electrons 

t . two protons 

____ c. an elect rem and proton 



Tf^ two electrons will repel. T^y (k> so because they are 
"like charges." The same ^>es for two protons. Ttwy are 
both alike in that they are both positively charo<>d. The 
answer is "a" and "b". 



Law of Charged Bodies 

The L»n of Charged Bodies states exactly tn^at you have just learned: 
"Like charges repel, unlike charges attract." This law of charged 
bodies is part of Coulomb's Law . (The balance of this law tells us 
"how much" the charges repel or attract.) 

We can state this* law of Charged Belies in a nun^er of ways, all 
meaning the same thing. 
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Repulsion 

-Like charges repel. 

-Two electrons repel. 

-Two protons repet. 

-A negative and a negative repel. 

-A positive and a positive repel. 

-A (+) and a (+) repel . 

-A (-) and a {-) repe\ . 



Attraction 



'Unlike charges attract. 
-A proton and an electron attract. 
-A positive and a negative attract. 
-A (+) and a (-) attract. 



Movement Caused by Charges 

When we speak of movc^nt caused by forces betvi^n charges, we 
are primarily referring to the attraction of the electron to 
the proton. Recall that we said there are billions and billions 
of atoms In one single wire of our power supply. We also said 
that, in this copper wire, each copper atom has 29 electrons. Vte 
chose to think of each of these electrons as orbiting the 
nucleus (neutrons and protons). Of these 29 electrons, some are 
closer to the nucleus, others are farther, away, visualized 
somewhat like the following Illustration. ^ ~ ^ 




ERIC 



This volume contains 28 electrons In complete shells around 
the nucleus of the atom. The outermost orbit of the copper 
atom contains only one loosely bound electron, as shonffi. 

According to the comfiste form of Coulon^'s Law of charged bodies, 
all electrons are attracted to the nuclear protons. Since the 
force of attractior between charged particles lessens with in- 
creased distance, the electrons farther from the nucleus experience 
less force of attraction than those closer to the nucleus. Once 
again recall that there are billions and billions of atoms. Let s 
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take just two of these atoms and look at the electrons farthest 
from the nucleus in each at«n. ^ - — ' 




in observing the two illustrations, r^nen^r two points: 

1. The outer electrons, although attracted to their respec- 
tive nuclei, have the weakest force of attraction because 
they are farthest suay, 

2. As the outer electrons of each atan approach each other, 
they will repel each other. 



You know this because: (check one) 

a. like charges repel. 
b. unlike charges repel. 



The answer is "like charges repel." 

This force of repulsion betiA«en outer electrons of one atom and 
outer electrons of another at(^ may become stronger than the 
attraction of electrons to the protons. Therefore, as the outer 
electrons approach each other, they repel and may be forced out 
of their atomic orbits. 

When this occurs, the atom is left with n»re positive charge (protons) 
than negative charge (electrons) leaving the atom with a net posi- 
tive charge. This positively charged atom is called a positive ion . 
If an electron joins an atom that already has a full compI«i«nt of 
electrons (a neutral atom), the atom assumes a net negative charge 
and becomes a negative ion. An ion, then, is simply a charged 
atom. The process whereby an atom beconws an ion is called 
ionization . The amount of energy (outside force, such as heat 
energy, light energy, etc.) necessary to cause ionization for any 
particular atan is known as the ionization potential. 



Random Drift of Electrons 

Once an electron has been driven from its at<»nic orbit it bec(xnes 
a free electron , drifting here and there seeking a new orbit. This 
free electron, no longer attracted to its home at«n, is n«* free to 
drift at random. This movement of free electrons is referred to 
as random drift . Note that special cases exist at the surface of 
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the wire, and here other forces tend to keep the electrons within 
the wire. 




RANDOM DRIFT OF ELECTRONS 

The diagram above shows electrons moving In all directions. Since 
this movement of free electrons Is at random in all directions, 
ft cannot be used as electricity to light lan^s, <^rate toasters, 
and so on. For electricity to do something, a majority of these 
free electrons tmjst be caused to move In one ger^ral direction. 
If this is not the case, there Is no net flow of energy, and no 
work can be done. 



AT.TMIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, 
STUDY THE METHOD OF INSTRUCTION YOU PREFER UNTIL YOU CAN ANSWER ALL 
THE QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON H 

Electron Movement 

TEST FRAMES ARE 18, 29, and 35. AS BEFORE, GO FIRST TO TEST FRAME 
18 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW 
THE DIRECTIONS GIVEN AFTER THE TEST FRAME. 



1. Electrons and protons tend to draw together. 

Check the two particles that are attracted to each other. 




(b-eiectron; c-protonT 

2. The atomic particles that orbit the nucleus repel each other. 

Which two particles repel? 

a« two neutrons, 
b. two electrons. 



(b) two electrons 



3. The particles to which electrons are attracted also repel each 
other. 

Check the other particles that repel each other. 

^ a. neutron and proton. 

_ b. proton and electron. 

c. neutrcMi and neutron. 

d, proton and proton. 



(d) proton and proton 
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4. Hatch the two columns. 

a. two electrons 1. attract 

b. two protons 2. repel 
c. protons and electrons 



(a. 2-repe1; b. 2-repel; c. l-attractT 



5. The atomic particles that are not !n the nucleus are satd to 
have a negative charge. (Charge means an ac'.iffiulation or store 
of force.) 



Which particle has a negative charge? 

a. proton 
fa. electron 
c. neutron 



(b) electron 



6. The other kind of particle that attracts and repels Is said to have a 
positive charge. 



Which particle has a positive charge? 

a. proton 

b. neutron 

c. electron 



(a) proton 



7* As its name Implies, th| third particle is neutral and could be 
syiT^olized this way: (-) 

A neutron: 



a. has a net positive charge. 

b. neither attracts or repels. 

c. has a net negative charge. 



(b) neither attracts or repels 
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8. The symbol tor r.t'qdtive chdrye Js tKe r i- >-) siyt'. The symbol 
for {.xjs i t i ve c^ul^•K• is th^ plus ( + ) siqn. '•.i- r-siiive siqn 
above thf n<.'i)uii/e -ign (-) Indicates tht- p^jitUle i<euLra1 . 



Match. 



!• + a. electron 

2. (+) 

b. proton 

3. " c. neutron 



(I. b-proton; 2. c-neutron; 3. a-electron) 



9. Label each particle according to Its charge. 

1 (^®3— I 



.a 




-b 
•e 



(a-electron; b-proton^ c-NeutrionT 



10. Look at the diagram of the atom. 

/ 

/ 

\ 

\ 



Check the Items that are true of the particle Indicated by the 




arrow. 




a. 


negatively charged. 


b. 


positively charged. 


c« 


symbolized by - sign. 


d. 


symbolized by + sign. 


e. 


attracted to proton. 


f . 


repelled by proton. 


9- 


attracted to electrons. 


h. 


repelled by electrons. 


1. 


neutral . 



(a-negatl vely charged; c-symbollzed by - sign; e-attracted to proton; 
h-repelled fay electrons) 
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It. Look at the diagram of the atom. 



Check items that are true of the particle indicated by the arrow. 




a. 


negatively charged. 


b. 


neutral charge. 


c. 


symbolized by sign. 


d. 


symbolized by - sign. 




attracted to electron. 


f . 


attracted to protons. 


g. 


positively charged. 


h. 


repelled by protons. 


{• 


attracted to protons. 


j- 


syn4)o1{zed by ^ sign. 



(c-symbol ized by + sign; e-attracted to electron; g-positively 
charged; h*repe11ed by protons) 

12. Natch the columns. 

1. negative charge and negative charge a. attract 

2. positive charge and positive charge b. repel 

3. negative charge and (K>sitive charge 



(1 . b-repel; 2. b-repel; 3* a-attract) 



13. The word I ike means of^ the same icind . 

Check the correct staten^nts. 

a. Like charged particles attract. 

b. Like charged particles repel. 

c. Unlike charged particles attract. 
d. Unlike charged particles repel. 



(b-Like charged particles repel; c-UnlIke charged particles attract ) 
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1^. What true of the charged particles is also true of 

groups of charges. 

Check the correct statements. 

a. Groups of like charges repel. 

b. Groups of unlike charges attract. 

c. Groups of unlike charges repel. 

d. Groups of like charges attract. 



(a-Groups of like charges repel; b-Groupa of unlike charges attrac^ t) 

15. in electrical theory: 

a. unlike charges attract. 

b. like charges repel. 



(a-unlike charges attract: b-like charges repel) 

16. That unlike charges attract and like charges repel is referred 
to as the "Law of Charged Bodies." According to the Law of 
Charged Bodies: 

a. two electrons repel. 

b. tv^ protons repel. 

c. protons and electrons attract. 



(a-tvtK> electrons repel; b-two protons repel; c-protons and electrons 
attract) 



17. You can infer that the Law of Charged Bodies does not refer 
to the particle that is neutral. 



Write the name of the neutral particle. 



(neutrwiT 
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18. Match 



1 . 


two protons 


a. 


2. 


proton ami electron 




3. 


(+) and {-) 


b. 


k. 


two electrons 




5. 


positive and negative 


c. 


6. 


(+) and (+) 




7. 


like charges 




8. 


positive and positive 




9. 


negative and negative 




10. 


unlike charges 




]|, 


two neutrons 





(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
)»NSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 18 

1. b 7. b 

2. a 8. b 

3. a 9. b 
'i* b 10. a 

5. a n. c 

6. b 



IF AIL YOUR ANSWERS MATCH THE CORRECT ANSWERS, VoO HAY GO 6N 
TO TEST FRAME 29. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE 
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 18 AGAIN. 



19. Study the Illustration of an atom below. 

The diagram Indicates that electrons are: 

a. all equal distances frora the nucleus. 

b. may be spaced at different distances from the nucleus 

(b) may be spaced at different distances from the nucleus 

20. Coulomb's Law of Charged Bodies tells us that the greater the 
distance between the protons In the nucleus and the electron, 
the weaker the force of attraction between them. 

Check the electron that has the weakest force acting upon It. 



/ 



(cj electron In the outer orbit 
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21. Study this diagram. Check the electron that has the strongest 
force of attraction acting on it. 



(b) the electron in the inner orbit 



22. Electrons which are weakly attracted to their nucleus can be 
easily dislodged from their orbits by some external force such 
as heat energy, light energy, etc. 

Check the electron which can be easily dislodged from its orbit 
by a force. 





(c) electron in the outer orbit 

23. Check the electron that would require the most force to be 




(c) the electron in the inner orbit 
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2A. Electrons which have the weakest force of attraction to their 
nucleus can more easily become free electrons . 

Check the arrow that Indicates the electron that could easily 
becotne a free electron. . 



__o4— 



b 



(c) the electron In the outer orblT 



2S« if an electron Is forced from its orbit* the atom Is left 
with more positive charges (protons) than negative charges 
(electrons) and will assi^ne an overall 

charge. (pos I t I ve/nega t I ve/neut ra I ) 



(posi ttveT 



26« If a free electron should beC(MM attached to an atom that already 
has a full comolen^nt of electrons, this atom would contain more 
^^^^^^^^ charges than charges and would assume an 



overall charge. 



(negative; positive; negative) 



27* When an atom assimes a charge either by gaining or losing 
electrons, it becones a charged atom and Is called an Ion . 

An ion Is an atcKn that no longer has an equal number of 
and 



(protons and electrons)" 
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28. Any charged atom is an iun. An atom that has a deficiency of 
electrons is a ^sttive ion. 

An atom with an excess of electrorts is a « 



(negative ion) 



29. Ldbel the diagram as neutral atom« negative ion, or positive ion. 






(THIS iS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 



id 
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ANSWERS ' TEST FRAME 2$ 

a. Neutral; b. Positive; c. Positive: d. Negative 



IF ALL YOUR ANSWERS HATCH THE CORRECT AHSWERS, YCU MAY GO 

ON TO TEST FRAME 35. OTHERWISE, GO BACK TO FRAME 19 AND TAKE 

THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 29 AGAIN. 

30. The process %«hereby an atc^n becomes an Ion Is known as ionization . 
The amount of energy (outside force such as heat energy, light 
energy, etc.) required to cause ionization is called Ionizatio n 
potential . 

in order for an electron to becc^ free of the parent atom, 

energy eqiMil to or greater than the tmist be 

applied to the atom. 



(Ionization potential) 



31. The free electrons nx>ve In all directions within the materiai. 
This haphazard moveinent of free electrcms is called random drift . 

Which Illustration shows the random drift of free electrons? 

a. b. 



(SZIZ) Q 



(>♦ 



{a) random drift" 



O 39 

ERIC 



One- 1 1 



32« A free electron is an electron which has been dislodged from 
the parent atom. 



Check the lettered arrow pointing to the free electron. 




c. 



\ O ^ / 



(d) the electron not In orbit 



33* Which correctly describes free electrons? 

a. those no longer attached to an aton 

b. those hard to dislodge from the atom 

c. these that have becon^ attached to another atom^s 

nucleus 



(a) those no longer attached to an atom" 



3A. Random drift: 



d« Is the movement of free elect rcms together in one direction 

b. describes the moveiwnt of electrons around the nucleus. 

c. Is the haphazard moven^nt of free electrons. 



Kc) is the haphazard movement of tree electrons 
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35« Check the correct statements. 

a. Within an atom having several shells of electrons* the 

electrons are all at equal distances from the nucleus* 

b. The greater the distance between the nucleus and the 

electron « the i^aker the force of attraction between 
them. 

c. Electrons weakly attracted to the nucleus are difficult 

to dislodge from that nucleus. 

d. Free electrons are those that have the greatest potential 

of being free when an outside force is applied. 

e. Random drift is the haphazard movefwnt of atoms In a wire. 

f* Within an atom having several shells of electrons, the 

electrons are spaced at different distances from the 
nucleus* 

^ g« Electrons dislodged from their at«ns after an external 
force has been applied are called free electrcxis. 

h* The greater the distance betv^en the nucleus and the 
electron, the greater the force of attraction between 
them. 

I. Randan drift Is the haphazard movement of protons in a 
wl re. 

j , Electrons weakly attracted to their nucleus are the easiest 
to dislodge from their crbits« 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 35 

b - The greater the distance between the nucleus and the 
electron* the weaker the force of attraction between 
them. 

f - Within an atom having several she Is of electr<^s» 
the electrons are spaced at diff'-i >nt distances from 
the nucleus. 

g - Electrons dislodged fr<^ their atoffl!> after an external 
force has been applied are called free electrons. 

j - Electrons vt^akly attracted to their nucleus are the 
easiest to dislodge from their orbits. 



IF ANY OF YOUR ANSWERS IS INCORRECT , GO BACK TO FRAME 19 AND TAKE 
THE PROGRAMMED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, 
OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY 
GO ON TO THE NEXT LESSON. IF NOT. STUDY ANY METHOD OF INSTWJC- 
TION YOU WISH UNTIL YOU CAN ANSV^R ALL THE QUESTIONS CORRECTLY. 
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SUmARY 
LESSON it 

Electron ftovCTent 

The electron may constitute electricity because it has an electric 
charg e > The proton also has an electric charge, but it is opposite 
in character to the electron's charge. By comron agreement, we 
call the proton's charge pos i t i ve and that of the electron negative. 
The neutron Is neutral , that Is, !t has no net charge. 

in the last lesson, you learned that electrons are believed to 
carry the electrical energy. Protons and neutrons are too heavy and 
too tightly bound together to move around in the wire as freely as 
the electrons do. 

Complex forces hold the electrons in their more stable positions In 
the atom. It Is experimentally found that positive and negative 
charges attract each other. Another electrical force is the imitual 
repulsion which exists between electrons. Similar mutual repulsion 
exists between protons. These forces are stated in Coulon^^s Law 
of Charged Bodies as 'Mike charges repel and unlike charges attract. 
The protons in the nucleus of an atc^n are held together by very 
strong nuclear binding forces; so the protons cannot be separated by 
the force of repulsion between than. But the orbiting electrons are 
TOra delicately balanced. There is a force of attraction between 
the electrons and the nuclear protons. This force tends to pull the 
electrons toward the nucleus ^lle the energy of their motion 
(centrifugal force) tends to move them outward. Normally the two 
forces will balance and the electrons will remain in orbit about 
the nucleus, and the atom will maintain Its electrical neutral state 

The greater the distance between two unlike ^-harges, such as an 
orbiting electron and the positive charge of the nucleus, the 
smaller the force of attraction betv^en the two particles. Because 
of this, the electrons that orbit farthest frc^ the nucleus may 
lose this balance of force quite easily and move away fr<m the atom 
to become free electrons. This will occur when some outside force 
(heat energy, light energy, etc.) is applied to the atom. Since 
the electron with Its negative charge has left the atom^ the atom 
now contains more (x>sltlve charges (protons) than negative charges 
(electrons) and has became a positively charged particle called a 
positive ion . 

If a free electron becomes attached to an atom that already has a 
full complement of electrons the atom assimtes an overall negative 
charge and Is called a negative Ion . As you may have gathered. 
Io n Is a term used to refer to an atcm that has assume a net 
negative or positive charge. The process whereby an Bt<m becomes 
an Ion Is known as Ionization and the airount of energy (outside 
force) necessary to free an electron from Its atom Is known as the 
Ionization potential for that atom. 
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Once an electron leaves its orbit and becomes a free electron « it 
drifts at random through the material until s«ne other force (a 
positive charge, repulsion frcm another electron, attractic^ to 
an atom which has lost an electron, etc-) acts upon it. This move- 
ment of free electrons is called random dr i ft , and because this 
moven^nt within a material takes place in all directions, the 
average net effect is zero; nothing can be measured and no electrical 
work is done. 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK OR YOU MAY STUDY THE 
LESSON NARRATIVE OR THE PROGRAMMED LESSON. IF YOU TAKE THE PROGRESS 
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LES- 
SON. IF NOT, STUDY THE METHOD OF INSTRUCTION YOU PREFER UNTIL YOU 
CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON i i i 

Current Flow 

In this lesson you will study and learn about the following: 

-random drift vs. directed drift 
-directing electron movement 
-current path 
-single clrcu! ts 
-Introduction to schematics 
-direction of current flow 
-building a single circuit 

Each of the above topics will be discussed In the order listed. 
As you proceed through this lesson, observe and follow directions 
careful ly. 

BEFORE YOU START THIS LESSON. PREVIEW THE LIST OF STUDY RE- 
SOURCES ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON III 
Current Flow 

To learn the material in this lesson, you have the option of choos 
ing, according to your experience and your preferences, any or all 
of the following: 

STUDY BOOKLET: 

Lesson Narrative 
Programmed instruction 
Lesson Simvnary 

ENRICHMENT *«ATERiAL: 

Boeke, K. Cosmic View: The Universe In kO Jumps . 
N^ York: The John Day Conpany, 1957* 

NAVPERS 93AOOA-la •'Basic Electricity, Direct Current." 

Fundamentals of Electronics . Bureau of Naval Personnel. 
Washington, D.C.: U. S. Government Printing Office, 196S. 

AUDIO- VISUAL: 

Sound/Slide Presentation: "Constructing a Simple Circuit." 



You may study whatever learning materials you feel are necessary 
to answer the questions in the Lesson Progress Check. All your 
answers must be correct t»efore you can go to Lesson IV. Re-nonber, 
your Instructor Is available at all times for any assistance you 
may need. 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME. 

ERIC 



Narrative 



One-Mf 



NARRATIVE 
LESSON 1 1 1 



Current Flw 



Random Drift vs. Directed Drift 

in the previous lesscHi spoke of random drift, v^ich you 
recall was the movement of the outermost electron away fran 
its atomic nucleus. Disconnect a wire from your power sup*- 
ply, pick it up, and look at it. Inside that wire there is 
a random drift of billions of free electrons, in this state, 
these free electrons are not capable of doing anything useful, 
meaning they cannot make lanps light or machines c^erate or 
household appliances work. This is true If all the wires are 
connected but your poi^r supply cord Is not plugged In, or 
If the switch is open. To obtain electrical current, the 
free electrons drifting at randc^ imjst be moved In (^e general 
direction. Directing and controlling this movement is referred 
to as directed drift. 



Directing Electron Movement 

To control and direct the drift of these free electrons, some 
external force or push Is necessary. We will discuss later 
the force that causes these electrons to move In cme direction. 
For now, we merely want you to know that we cannot have electri-^ 
cal current (electron flow) that will do work unless these free 
electrons are moving in one general direction. From here on, 
when we speak of electrical current, we will mean directed 
electron flow capable of doing work. Net electron flow must be 
directed like this: 



To direct this f]QM of electrons and thus form electrical cur- 
rent capable of doing work, there must be a coir^lete path for the 
electron to take. That Is, they must leave the source, foll<M a 
complete path and return to the source. Tf^ following illustra- 
tion shows the difference between a coir^lete path and an Incomplete 
path. Ren«n^er, the cmiplete path must include a return to the 
source. 




Current Path 
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in which illustration above will current f\cM and do some work? 
(Check one) 

a. 1 1 lustration A 

b. Illustration B 



Answer: a. illustration A 



Circuits 

For the electrons to flow continuously In one direction they must 
have a complete path to foiled. This path Is called a circuit . 
When all wires in your power supply are connected and the cord 
plugged In, electrons have a complete f^th. You noM have an 
electrical circuit capable of doing work - lighting the lamp. 

Since the wires form a path for conducting the electrons through 
the wires, they are referred to as conductors . If there is 
not a complete path for the electrons to move around the circuit 
due to an open or break in the conducting path, the directed 
electron movement stops» and, in effect^ you have no current. 



Diagram of a Simple Circuit 

Soon^ you will be constructing a simple circuit. A simple circuit 
usually has one source, such as a battery, that provides the 
force to cause directed electron flow. Wires will be ccKinected 
to make a complete path for current, and there will be a v^rkload 
that will use the current* In the simple circuit you build, the 
load will be a lamp. There will be one other component — 
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a knife switch, that can be used to break or ccHf^lete the path of 
current flow. 

We could draw a pictorial diagram of a simple circuit like this* 




illustrating a dry cell, a lan^, a 
switch, and connecting wires that con- 
duct the current through the circuit. 



it would be difficult to Illustrate more ccNi^lex circuits In this 
manner « instead, we use diagrams referred to as schematics ^ 
A schematic of a single circuit above lo<^s like this: 




Some Schematic Syntf>ols 

As you observed, we use certain symbols to represent certain 
con^nents or parts of a circuit. 

Wire or conductor Is syn^olized by straight cc^nectlng lines. 



a rr - 



A dry cell is symbolized by two short lines of unequal length, 

separated by a space, and showing 
^ conductor connected to each line: 



i- J. 

" T- 




A lan^ Is syni>olized by a small lc»p in the conductor that 
has a circle around it: 




An open Switch is $ynd>o1ized like this 
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This open switch symbol— — Indicates that the circuit Is 
broken or open and no current can fIcM because the blade of the 
switch is not touching the metal contact. 

A closed switch is symkolized like this: 

^^v^:^ — . — ^ — 

You can see that when the switch !s closed, there is a complete 
path for current. 

Open switch • open circuit - no current 

Closed switch — » closed circuit - current f\cM 



Without looking bacic, see if you can identify the 
symbols on this schematic by writing the names of 
the parts they represent on the dotted lines. 

" , ® I 




You should have labeled the -jmponents like this: 

a. switch (open) 

b. lamp 

c. wire or conductor 

d. dry cell 



Direction of Current Through A Circuit 

Recall that the schematic symbol for a cell is two lines of 
unequal length. — [ I— significant. By consnon 

agreement, the shorter line represents the negative terminal 
of the cell, while the longer line represents the positive 
terminal. i 

_L (negative terminal) 
— j — (positive terminal) 
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You remember that electons have a negative charge, and there- 
fore they are pushed out of the negative terminal of the battery. 
This means that Me can determine the direct {(Hi of current flow of 
a circuit by locating the short line of the battery syntfiol In a 
schematic. 

Electron current flows from the negative terminal^ through the 
cc^ductor and circuit conponents, and back to the positive 
terminal in this manner: 




Observe the arrows that shcM current flow from negative to 
positive. 



Draw arrows to Indicate direction of electron current 
flow in these circuits. 





In both circuits, current will flow from the negative to the 
positive terminal and your arrows should show counterclockwise 
flow In both cases. 



Since electrcms cannot be seen, a guess was taken almost 
two centuries ago as to whether (-i-) charges or (-) charges 
constituted current. Unfortunately, the wrong guess was made« 
Many books still use the conventional theory of a current of (-i-) 
charges moving from the positive terminal of the cell. The 
results are equivalent, but do fK>t agree with the more modern 
theory. 



Building Your Simple Circuit 

Your simple circuit will consist of these con^onents: 

-a dry eel 1 

-three conductors 

-a vector board 

*a preassen^led knife switch 
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IF YOU DO NOT ALREADY HAVE THESE ITEMS AT YOUR CARREL, fiO NOW 
TO THE NATESIALS CENTER AND ASK FOR YOUR "SIMPLE CIHCUIT" 
PACKAGE FOR iODULE ONc. 



Spread the materials you need in front of you. Particularly 
notice the vector bourd. You will u^e this board n^ny times 
in your study. Observe that It looks like this: 



Each spring clip is labeled by nureber — TJ[^ T2^, etc. The two 
premounted tamps are labeled OSl and DS2. OS Is a standard 
abbreviation for lamp which you will find on schematics. 

Also observe that a knife switch Is premounted between T8 and 
T7. 

During the first modules of this course you will be using only 
the left half of the vector tH>ard. The right half, v^lch Is 
shaded in the above drawing, you will use later. 

Now let's build a circuit! 

Place the vector board in front of you so that labels are 
readable, not upside down. 



Perform the following steps in order: 



1. Open the switch by pulling the handle up. 

2. Take one wire ccKiductor and connect It to the center 
terminal of the dry cell. (This U the + terminal.) 

Do this by wrapping a bare emi around the post, and then 
tightening the screw « 

3. Take a second conductor and connect it to the out* 
side, or negative terminal of the ceil. 

4. Connect the loose end of the wire from the negative 
terminal of the cell to spring clip Tj . 

5- Connect the loose end of the wire fr<m the positive 
terminal of the cell to T8. 

6. Take the third wire and connect It between Tl and 
T2. 

7. Connect the loose end of the top wire frcwi DSl (the 
one closest to T2^) to T2 ^ 
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8. Connect the loose end of the bottom wire from DS1 to 
II- 

9. Connect the wires from each end of the switch to 
T7 and T8. 



Now you have constructed a single circuit. Look at It to see 
. that* yAtr4fa#if made all connections and provided a complete path 
for current. 



10. Now close the twitch to con^Iete the path. 
YOUR LAMP SHOULD LIGHT. 

11. Close and open the switch several times. Observe that 
as the metal part of the switch touches the n%tal con- 
tact, the circuit Is closed, and the lan^ lights. As 
contact is broken, the circuit is open, no current can 
flow, and the lamp does not vtork. 

12. Finally, open the switch and leave the circuit as It 
is. (You will use It again in the next lessee.) 

13. Draw a schematic to represent the single circuit you 
have constructed. Include the syniK>ls for: 

1 . the eel 1 

2. the conductor 

3. switch 
k. \a(vp 

Then draw arrows on your schematic to indicate the 
direction that current would flow If the switch were 
closed. 



Check your schematic against the one shown below. 

> 

Your schematic should look like this: f ^ 

T ^ 

< 

Observe that current would flow from negative to positive. 

YOU MAY TAKE THE PROGRESS CHECK. OR YOU MAY STUDY ANY OF THE OTHER 
RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF 
THE aUESTIONS CORRECTLY. GO TO THE NEXT LESSON. IF NOT. STUDY ANY 
METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS 
CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON Hi 

Current f\oM 



TEST FRAMES ARE 7. 10. 21. 25. and 29. AS BEFORE, GO FIRST TO 
TEST FRAME 7 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. 
FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME. 



1. Random drift was described as: 

a. free electrons that move haphazardly. 

b. free electrons that attach to another atan. 

c. free electrons that move together fn the same 

general direction. 



(a) free electrons that move haphazardly 



2. Free electrons drifting at random are not capable of doing use* 
ful work. 

Check the illustration that shows electrons not capable of 
lighting a lamp or operating a motor. 



(b) random drlf j T 



3. To be capable of doing useful work, free electrons imjst be 
directed by some force Into moving 1- one general direction. 

Check the Illustration that shows directed electron drift. 



(b) directed movement 
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4. Dry cells, batteries, and the voltage from electrical wall out' 
lets are sources of electrical energy and can supply the force 
needed to cause directed electron drift. 

Check the item that shows a force being applied to electrons. 



A 



S. Continuous electrical current fs the mov^nent of free electrons 
in the same general direction. 

Current flow is: 

a. random drift. 

b. directed drift. 



(b) directed dr ifF 
6. Current flow: 



a. Is capable of lighting a lamp. 

b. is not capable of doing useful work* 



(a) is capable of lighting ^ 



7. Check the items that correctly describe current flow. 

a. random drift of free electrons 

b. electrons attached to parent atom 

c. directed drift of free electrons 

d. free electrons doing work 
e. free electrons not capable of doing work 

f. free electrons not forced Into irovlng In one direction 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 7 

c - directed drift of free electrons 
d - free electrunti doing work 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON 
TO TEST FRAME 10. OTHERWISE, GO BACK TO FRAME 1 AND TAKE 
THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 7 AGAIN. 



8. For Current flow to take place, electrons must have a continuous 
path to move through. 

Check the illustration In v^ich there can be no continuous cur- 
rent flow. 




b 



TbT 



9. A continuous path for electrons to follow !s called a ccNi^lete 
circuit. 

An incon^lete circuit: 

a. is capable of doing work. 

b« Is not capable of doing wrk. 



(fa) is m>t capable of <toing worlT 
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10. Match the illustration to th 



K 


current will flow 


2. 


complete circuit 


3. 


IS not doing work 


k. 


continuous path for 




electrons 


5. 


inconplete circuit 


6. 


is doing work 


7. 


no current flow 


8. 


broken path 



circuit condition. 




(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 10 



1. b 

2. b 

3. a 

4. b 



5. 
6. 
7. 
8. 



a 



a 



a 



IF ALL YOUR ANSWERS J1ATCH THE CORRECT ANSWERS, YOU MAY GO 
ON TO TEST FRAME 21. OTHERWISE, GO BACK TO FRAME 8 AND 
TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 10 
AGAIN. . 



11. A schematic {pronounced ske-mat-ic) is an organized draw- 
ing cf a circuit that uses Generally accepted electrical 
symbols to represent actual parts of a circuit. 



12. The wires that form a path for conducting electrons through 
the circuit are referred to as conductors and are syrAoHzed 
by solid connecting lines. 

Check the arrow that Indicates a conductor. 



This is a 



diagram. 




(schema tic 



ft 




(b) is a conductor 
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13. A light bulb or lamp, which is the load (uses electrical energy) 

in your circuit, is symbolized by a circle around a small loop 
in the conductor. 

Check the schematic symbol for the load in your circuit. 




e. -VvV" 



(c) 

1^. A dry cell, which is the source (supplies electrical energy) 

for your circuit, is symbolized In a schematic by Xmo short lines 
of unequal length, separated by a spare, and including a length 
of conductor at right angles to each line as shown here: 



Check each schematic syn^l belc^ that represents a dry cell. 



a. 



— h|- — «-® 



— T 

I 



f. 



(a. c, 0 



15. The longer line of the dry cell syn^ol represents the positive 
terminal of the cell. 

Study the diagram. 



The longer line of this synAol — ^ 



represents: 



a. the center terminal of the cell. 

b, the outer terminal of the cell. 



(a) the center terminal of the cell 
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16. The short line of the dry cell syndsol represents the other 
terminal of the cell. 

The short line of this syn^ol — j | — represents: 

a. the positive terminal. 

b. the negative terminal. 

c. the outer terminal of the cell. 

d. the center terminal of the cell. 



(b-the negative terminal; c-the outer terminal of the cell) 

17. Natch the arroi^d part of the 

syntol to thte correSfK)nding Items. ^- — ' j — 

1. center post of cell 

2. positive terminal . 

3. negative terminal } if 

^. outer post of cell B. — j — 



(1-a, ^-b) 



18. L<4b<»l each schematic symbol with a minus (-) sign and a 

plus (-^) sign beside the representative lines of the symbol 

i 



A. 
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19. The schematic symbol for a switch is an arrow between two dots, 
it may appear in different positions. 

Chect( the schematic syn^ols for a switch. 



a. «-«^o 




(b, e. f) 

20. Match the schematic syniols to the c^Jects they represent. 




(1-c. ^-d. 3-fa. k-a) 
21. Write the name of each symbol on the Indicatinig arrow. 




(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 21 

a. svtfitch (open) 

b. dry cell or cell (positive terminal) 

c. conductor or wire 

d. lamp or light bulb 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU HM 
GO ON TO TEST FRAME 25. OTHERWISE, GO BACK TO FRAME 11 
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 
21 AGAIN. 



22. The schematic bel<M shows the switch fn a closed position 
such as this actual switch. 



When the switch Is closed: 

a. electrons cannot move through the circuit. 

b. the lan^j lights. 

____ c. the circuit Is complete. 

d. the circuit Is c^en. 

e. current flows. 



(b-the lamp lights; c-the circuit is ccanplete; e-currert flows' 



Study the schematic. 
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23. This schematic shows the switch In an open position such as 
this actual switch: 

Study the schematic. 

@ -j^ 



I J 

When the switch is open: 



a. the circuit is closed « 

b. current stops. 

c. the lamp lights. 

d. there is a continuous path for 
electrons to move through. 

e. the circuit is open. 



(b- current stops; e- the circuit Is open) 



Ik. Match the correct switch syn^ol to the terms. 

1. open switch a« 

2. closed switch 

3. allows current flow 

stops current flow b. 



(1-a, 2-b. ^-a) 



25. Match the schematic diagrams to the circuit conditions. 

L 



1. 


light on 


2. 


light off 


3. 


swi tch open 


k. 


switch closed 


5. 


alloys current flow 


6. 


stops current flow 


7. 


open circuit 


8. 


complete circuit 



•X 



"•7" 




(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 25 



1. a 

2. b 

3. b 
k, a 



5. a 

6. b 

7. b 

8. a 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY 
GO ON TO TEST FRAME 30. OTHERWISE, GO BACK TO FRAME 22 
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 
25 AGAIN. 



26. When the switch is open in the circuit as shown below, 

an excess of electrons piles up at Che negative terminal of 
the cell and any parts p 
connected to It. 3 ^ J. 




G 



When the circuit Is open, an excess of electrons exists at 
the point: 

a. indicated by arrow a. 

indicated by arroM b. 



(a) Indicated by arrow a 



27. When the switch Is closed, the force of repulsic^ between the 
negatively charged particles pushes electrons away frc^ the 
negative terminal * This push, cc^lned with the attraction 
between the positive terminal and the electrons, forces the 
electrons through the circuit to the positive terminal of the 
cell. 



Check the lettered arrow that 
shows the direction of current 
fIcM in this circuit. 



ERIC 



lb) 



65 



P.I. 



One-I II 



28. The movefnent of negative charges (electrons) from a negative 
point to a positive point is a statement of the electron theory 
of current flow. 

With no indication given, determine trfiich point is negative and 
which is positive. c wrtt H9m 

a. 
b. 




(a. •^ positive; b. - negative) 



29. Study this diagram. 




Check the statements that are true. 

a. Electron current will flow in direction shown by arrow a. 

b. Electron current will f\mi In direction shown by arrow b. 

c. Electron current will flow from positive to negative 

throuoh the circuit. 
d. Electron current will flow from negative to positive 

through the circuit. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAHE 2$ 

b ^ Electron current will flow in directlcHi shown by arrow b. 

d - Electron current will flc^ from negative to positive 
through the circuit. 

Since electrcHis cannot be seen* a gi^ss was taken almost 
two centuries ago as to whether (-^J charges or (*) charges 
cmistltuted current. Unfortunately, the wrong guess was made. 
Many books still use the conventional theory of a current of 
(-t*) charges moving from the positive terminal of the cell. 
The results are equivalent, but not In agreement with the more 
modern theory of electron current flow. 



IF ANY OF YOUR ANSWERS ARE INCORRECT , GO BACK TO FRAHE 26 
AND TAKE THE PROGRAMMED SE(^ENCE . 

IF ALL YOUR ANSWERS ARE CORRECT GO TO THE NEXT FRAHE AND 
FOLLOW THE DIRECTIONS GIVEN. 



30. Now you are going to construct a single circuit. If you do not 
already have these Items at your carrel, go now to your learning 
supervisor and ask for them. 

-4 dry cells 

-assorted lengths of wire conductor 

-vector board with some preassenA»ied c<^nponents 

'-sinple ammeter 
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31* Observe the vector board before you. Notice that each spring 
clip is labeled with the abbreviat tCHi 'T'* to indicate a ter- 
miTial or connection point. 



Label the terminal points on this diagram to correspond 
to the labeling on your vector board. 



o 



1^ 




32. During this study lesson you will be using c»ily the left half 
of the vector board. 



Check the item that indicates which four connection points you 
Mill be using to construct your simple circuit. 

a. Tl, T2, T3. Tk 

b. T5. T6. T7, T8 

c. Tl. T2. T7, T8 

d. T3, Ti». T5, T6 



(c) Tl, T2. TTTrg 
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33- The vector board includes two premounted lan^s. Each is 
labeled with the standard abbreviation for a lamp. 

Locate the lan^ that will be included in your single circuit 
by writing the abbreviation for it on this diagram* Write 

the abbreviation on the correct location. 




I7 h '5 




3^« Observe the other premounted con^nent on the part of the vector 
board that you will be using. Draw the schematic syn^ol for 
that conponent In Its correct location on this diagram. 



DS-1 






^6 




35. Open the switch on your vector board « This will ensure tht; 
circuit Is: 



^ a. <te-energ{zedi 
b. energized. 
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36* Wrap the bare end of a section of loose conductor around the 
positive terminal of the dry cell and tighten the 5cra«f. (You 
will use cxily one cell in this procedure.) 

The wire will be connected around: 

a. the outer post of the cell- 

b. the center post of the cell. 



(b) the center post of the ceYl ' 

37 • Take a second section of conductor and connect it to the 
other terminal of the celK 

You wrapped the bare end of the wire around: 

a. the - post. 

b. the + post. 



(a) the - post. 

38. Connect the loose end of the wire from the negative cell 
terminal to Tl . 

Connect the loose end of the wire from the positive cell 
terminal to t8. 

Check the partial schemetic which correctly Indicates the 
connections you have made. 

T 



a. ' '^8 b. *J 



(a) 

39. Connect the two loose wires from the switch to T7 and T8 and 
connect the loose end of the top wire from DSI to T2, then 
the other wire fr«n OSl to T7. 

Connect a section of conductor to con^jlete the circuit between: 

a. T2 and T7. 

b, Tl and T8. 

c. Tl and T2. 



(c) Tl and T2 
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kO. Now close the switch. Did the lamp light? 



One- lit 



(yes /no) 



the lamp did not light, either return to Frame 30 or view the 
ind/Slide lesson "Constructing a Single Circuit." ff the lamp 



If 

Sound/ Si 

still does not light, see your instructor for help. 



k\. Upen and close the switch several times. Observe that as the 
metal part of the switch touches the n^tal ccMitact: 

a. the lamp goes out. 

b. the circuit is con^leted. 

c. the circuit is opened. 

d. the lan^ lights. 



(b- the circuit is completed; d- the laim> lights) 



kZ. Open the switch and draw a schematic to represent the circuit as 
it appears now. include the syfli>o1s for each circuit con^nent. 
(Do not include labeled terminals.) 



Your schematic should ]ook like this: 



r 
1 



G 
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43. Now go back and draw arrows on the schematic you drew fn 
frame '♦2 to indicate the direction of current fl«« through 
the circuit when the switch is closed. 



NOTE: Do NOT disassen^le your single circuit. You will be using it 
again in a future 1ess<Mi. 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY 
ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK 
AND ANSWER ALL THE QUESTIONS CORRECTLY. GO ON TO THE NEXT LESSON. 
IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN 
ANSWER ALL THE QUESTIONS CORRECTLY. 
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SUMMARY 
LESSON Mi 

Current Fluw 

In the previous lesson you studied randcOT drift and movement of 
electrons. In this lessen you will learn about tfie directed drift 
of electrons, which Is the general movement of electrons in one di- 
rection through a wire. This directed drift of electr<Kis results in 
a change In the location of some of the charges in the wire. Work 
is done v^en this takes place. Directed drift of electrons is called 
current flow . In later lessons ♦ v*^ wi 11 learn about the farce<% that 
produce a current flow. 

For continuing current flow to take place , there nnist be a cc^lete 
path for electrons to take. It there were only a straight piece 
of wire, free electrons would soon be forced to one end of the wire 
and no more current would flow. When a con^lete path exists, electrons 
move from the point where force Is applied to them^ then through the 
wires and back to the force through the closed loop, or circuit. 

Consider a single circuit using one cell to provide force, a lamp t 
show when work is being done, a switch to control electron moveo^nt 
in the circuit, and wires to form a cotr^lete path for current flow. 

An easier way to draw a circuit like this is to use schematic symbols . 
These are agreed upon or standard synAols that are used to represent 
con^nents of electric and electronic systems. The schematic diagram 

for a cell is ^ (— ; for a lan^-^^^— ; for a switch and for 

a wire, a simple line. 



Yoj can see that the path for 
current is not complete because 
of the position of the switch. 
This is called the open posi tion 
for the switch. 



A closed switch will permit current 
flow and Is drawn like this: 




The symbol for the cell (force) has one line shorter than the other. This 
short tine is the negative terminal of the cell, and according to the 
electron theory of current flow, electrons will always travel from this 
point through a closed path and return to the positive terminal (long line) 
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where the force pushes them to the negative terminal again. 
Electron Current Flow: 

Since electrons cannot be seen, a guess was taken almost two 
centuries ago as to whether (■<■) charges or (-) charges constitute 
current. Unfortunately, the wrong guess was made and the positive 
charges were assumed to be the mobile particles. Many books still 
use the conventional theory of a current consisting of (+) charges 
moving from the positive terminal of the cell. The results are 
equivalent, but do not agree with the modern electron theory. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON. IF NOT, SELECT ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 



(Note: Remember there Is a sound/slide presentation in this lesson.) 



NOTE: ALL STUDENTS SHOULD DO THE EXERCISE INDICATED IN THE PROGRAMMED 
INSTRUCTION, FRAMES 30 THROUGH 43, OR THE AUDIO-VISUAL PRESENTATION, 
"Constructing A Single Circuit." 
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MODULE ONE 
LESSON IV 
Measurement of Current 



Study Bookl^^ 
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OVERVIEW 
LESSON fV 
Measurement of Current 



In this 1«2SSon you will study and learn about the following: 

-why we measure current 
**measuring is counting 
-counting electrons 
-electrons that ck) wortc 
*the couloir^ 
-measuremnt and time 
-the ampere 

-standard abbreviations 
-powers of ten and scientific 
notation 
-the prefixes mi 1 1 i- and micro- 
Each of the above topics will be discussed In the order listed^ 
As you proceed through this lesson, observe and fo11(M directions 
careful ly« 



BEFORE YOU START THIS LESSON. PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 

LESSON tV 
Measurement of Current 

To learn the material In this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the following 

STUDY BOOKLET: 

Lesson Narrative 
Progranmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

"Powers of Ten." Programmed Instruction Booklet (BE/E) . 

"Scientific Notation and Pot^rs of Ten." Programmed 
Instruction Boc' ^et A-l/b-lb. 

Boeke, K. Cosmic View: The Universe in kO Jumps 
New York: The John Day Company, 1957. 



Remember, you may study any or alt of these that you feel are necessary 
to answer all Progress Check questions correctly. All your answers must 
be correct before you can go to lesson V. Renember, your Instructor 
is available at all times for any assistance you may need. 

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON fV 
Heasuren^nt of Current 



Why We Measure Current 

We learned in the last lesson that an outside force can cause 
electrc^s to move in one direction through a circuit and that 
this electron moven^nt is capable of doing work su^.h as light- 
ing a bulb. But we 6on^t know hcM nujch work a given circuit is 
capable of performing or how much current is flowing in It. As 
an exanp1e« let's look again at the circuit you constructed on 
your vector board. 



I. Close the switch and cAserve carefully the bright- 
ness (intensity) of the light. 
2« Open the switch again. 

3. Locate the wire that runs from the positive terminal 
of the dry cell to TS^ and disconnect the connection 
at T8. 

k. Now take a seccKid dry cell, and connect the loose 
end of the. wire you just to<* off of T8 to the nega- 
tive terminal of the second cell. 

5. Take a new piece of wire n<M, and ccKinect It between 
the positive terminal of the second cell and T8. 

You have added another cell so that the outside force has Increased, 
and this will Increase the amount of current In your circuit* 

This is a schematic of your circuit as it appears now with Vm 
eel Is. I 



6. Now close the switch. 

7. Observe the Intensity of the bulb. How does the 
brightness of the lan^ con^are to Its Intensity 
In step 1? weaker 

stronger 

unchanged 

8. Open the switch and leave your circuit assent led. 
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You should have (^served that the bulb glowed with greater In- 
tensity with two cells as the source. We can assune fron this 
experiment that a greater amount of current was flowing In the 
circuit; however, we do not know h^ much. We have still not 
measured the amount of current in our circuit. 

It is freqwntly important to determine the amount of current 
in a given piece of equipment to know if it is properly func- 
tioning and for troubleshooting. 

Measuring Is Counting 

To measure or quantify current, we must count electrons. Recall 
that current flow Is the movement of electrons through a circuit. 
Therefore, the electrons v« «>unt must be the ones pushed through 
the circuit by electrical force. Electrons In a disconnected 
wire cannot be c(Minted as current, in other words, the only 
electrcMis we want to count are the ones that contribute to 
the current flow, not the cmes moving at randan. Therefore, to 
measure current, we must count the nun^r of electrons moving 
In one direction through a ci rcui t . 

Counting Electrons 

At all times, there is random drift of billions and billions of 
free electrons within all conductors in the circuit. Wien an 
outside force is applied. It causes a general directed movement 
of electrons In the direction the force Is pushing. This 
does not mean that all the free electrons instantaneously rush 
off in the direction they are being pushed, but that their 
movements will carry them along the circuit in that direction. 
In general. In a fraction of a second, a net average flow is 
set up. 

Electrons That Do Vtork 

The problem now is to find out the rate of electrcm movement 
around the circuit. Put the point of your pencil on a wire 
in your single circuit. Mien the circuit Is turned on and the push 
begins, billions of electrons start moving past that location 
in one direction. This does not mean, however, that all 
electrons start moving In that direction; others still move at 
rand(»n, and may produce no detectable change In the location of 
any charges. In counting current, we count the net nuirfjer of 
electrons that move In one direction and do work. 

To do any work In the circuit, charges must move through It. In 
order to have current In a wire, electrons must continuously move 
around the circuit. The on\y electron movements that cause 
work to be done are the movements that are not cancelled by som 
movement In the c^poslte direction, so it is the difference , 
or net effect of the movements that we must measure. 
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T he Coulomb 

The number of electrons moving through the circuit Is astroncynlcal ; 
there are so many of them they are hard to count* To make the 
counting easier, count by groups instead of by single electrons. 
Suppose v^e could nut electrons in containers like vsre do jelly 
beans. We could then count the number of full containers Instead 
of the individual beans. In electricity* vi^ refer to each container 
group as a cou I omb (note that both container and couloir^ have a 

Edch coulomb consists of approximately 6,250,000,000,000,000,000 
e ectrons. Therefore, when about 6,250,000,000,000,000,000 elec- 
trons pass a point on the wire, one coulonA passes that point. 
If twice that many electrons go past a point, two coulon^s have 
passed. 



Suppose about ''6,250,000,000,000,000,000 x 3'* 
electrons pass a points How many coulombs pass? 



Answer: 3 coulombs 



Measurement and Time 

Current flow, like the flow of water, rmjst be n^asured with 
respect to tln^. A river flowing at the rate of 1 ,(K)0 gallons 
per day is not carrying much water; a river which carries 1,000 
gallons per minute Is obviously carrying nuich more water, tn 
the same way, a circuit conducting 10,000,000,000 electrons around 
it each hour has nnjch less current flow than one vi^lch carries 
10,000,000,000 electrons past a location each second . 

The simple circuit you built conducts about 1,000,000,000,000,000,000 

electrons (approximately 15/100 of one coulc^} per second* To 

help make this clear, if you place your pencil on some part of 

the simple circuit, when the switch Is closed about 

1,000,000,000,000,000,000 electrons will go past your pencil 

point In the time It takes to snap your fingers! So not only 

must we know how many coulombs go past the point, we nnist know 

how fast they go past a certain location^ When %tfe talk of 

how many, we talk of coulombs* When we talk of h<M many couloir^s 

per second , we talk of amperes. 



The Ampere 

An ampere is an electron movement of one coulomb (atK>ut 
6,250,000,000,000,000,000 electrons) per second past a certain 
location in a circuit. In other w>rds, if one coulcwnb, or group 
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of electrons passes a point fn a circuit In one second, one ampere 
of current it> flowing. Two coulon^s flowing through a wire in 
one second, then, vwuld be two an^eres. 



How nany amperes are flowing If one coulon^ moves past 
a point in half a second? 



Answer: 2 amperes 



Standard Abbreviations 

There are several ways to make writing and talking about current 
flow easier^ One way is to use standard abbreviations for the 
things we work with; for example, the letter "I" is used 
to represent current flow. Current flow » 1. tf 
you want to write "the current flow In that circuit Is three 
anperes," you may use "I » 3 an^eres'* and say the same thing* 
Another abbreviation Is the letter (either upper or lower 
case) which stands for an^eres. This allcMS you to wrif^ the 
same statement even more briefly as » 3^*^' These syn^ols 
siiiptify writing and are used In almost every country that uses 
our alphabet. 



Using standard symbols, write ''the current flow Is 
equal to tv^ afT^eres.'^ 



Answer: t « 2a 



The relationship between current, charge and time can be stated 
mathematically as i = ^ where J_ represents current in amperes, 
^ Is charge in coulon^s, and T^ is time In seccKids. 

One convenient way of dealing with very large (or very small) 
nufi^ers such as the nuir^er of electrons in a coulonA of charge 
is to employ powers of ten. This system Is based on the Idea 
that by moving the decimal point c^e place to the right or left 
we change a number's value by a factor of ten. For exanple. If 
we start with a nufl*er such 1235- and move the decimal point one 
place to the left (123.5) # we have effectively divided the 
original nun^er by ten. If, on the other hand, the decimal were 
moved to the right (12350.), we have effectively multiplied by ten. 



Powers of Ten and Scientific Notation 

Let's see how we use this "pavers of ten" Idea to count electrons. 
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Look at the number one million (1,000,000). Although not shown, 
you know there is a decimal point after the sixth zero (1,000,000.), 
and that we can add zeroes to the right of the decimal without 
changing tha value, like this (1,060,000.00). You also know that 
one hundred thousand times ten equals one million (100,000 x 10 « 
1,000,000). Then ten thousand time- ten times ten equals one 
million (10,000 x 10 x lO,*" l,000,00u) a. J ten times ten equals 
ten squared (10 x 10 =* 10 ) , so-ten thousand times ten tquareg 
equals one million (10,000 x 10 « 1,000,000). This argument can 
be carried to the point that ewe times ten times ten times 
ten tinws ten times ten equals one million (1 x 10 x 10 x 10 x 
10 X 10 X 10 e 1,000,000). In each stfcp we have moved the^decimal 
point to the left one glace. We could easily vrlte 3 x 10 » 
-i.jOO.OOO or 3.^5 X 10 » 3,W,000. When we are workjgg with 
n ."^^^;■s like 6,250,000,000,000,000,000, then 6.25 x 10 electrons 
make one coulomb, it seems well worth the little trouble it 
takes to learn this system. 

The following chart may help you to use powers of ten. It shows 
our decimal number system and the ,Kswer to ten which corresponds 
to each place. Study it! 

t 




Write 5,000,000 as a power of ten using ten to the 
sixth pcwiif. 



Answer: 5 x 10 
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You can use this method to express very small nurT4>ers also. 
In this case, you must move the decimal point to the right and 
use a negat i ve power of ten. Cne one- thousand th (.001) becomes 
one times ten to the minus third (1 x 10 ). 



Write («0000C26) as a number t n^s ten to negative 
sixth power. 

Answer: 2.8 x lO"^ 

Scient i f i c No tat i on makes use of powers of ten to write numbers 
in a standard way. in scientific notation, the decifM} point 
is always placed behind the first digit of a nun^er and the appro-^ 
priate power of ten is used. For exampjg, the nufl^er of elec- p 
trons in a coulon^ is written 6.25 x 10 rather than 62.5 x 10 
or .625 x 10^. 



Milli- and Micro-amperes 

A useful way of working with current (and other) measuren^nts 
when the values are fractions of an ampere is to use the metric 
prefixes mi 11 i - and micro^* Milli- means thousandths (.001), 
and micro- means millionths (.000001). You^can see this fits 
riggt in with the powers of ten (milli 10 and micro » 
10 ). One milliampere is, therefore, equal to one one- 
thousandth of an ampere or 10 amperes. 

Writing these in the short way, the small letter *W Is used for 
milli- and the Greek letter mu is used for micro* • To write 



*'the 
ampe res 



current^flow Is 30 microamperes,'* you could write cither 
30 X lO" a*' or 30 ,ia.** If the current wece k ml Hi- 

es, you could write *M « A ma** or **l « x lO'-^a.** 



Express : 

a. 0.006 a In ma ^ 

b. 0«00005 a in ua 

c. 0.002 ma in .a 



Answer: a. 6 ma 
b« 50 ..a 
c. 2 ua 



AT THIS POINT, YoU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF 
THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER 
ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANY 
METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS 
CORRECTLY. 
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PROGRAMMED INSTRUCTION 

LESSON iV 

Measurement of Current 

rtST FRAMES ARE 12. 22. ^2. jnd 53- AS BEFORE, GO FIRST TO TEST 
FRAME 12 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOL- 
LOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME. 



!. Current was described as the: 

a. directed drift of protons* 

b. random drift of neutrons. 

c. directed drift of electrons. 

d. randcm drift of electrons. 



(c) directed drift of electrons" 



2. Current flow results from the directed movement of charges 
caused by the application of a: 



a. force inside the atom. 

b. force external to the atom. 



(b) force external to the atlcyn 



3. The amount of external force Is one factor which determines 
the amount of current flow. If the force being applied is 
increased^ there will be a corresponding increase In current 

What will happen if the amount of force is decreased? 

a. Current will remain the same. 

b . Current will decrease. 

c. Current will Increase. 



(b) Current will decrease 



ERLC 
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^. Which circuit will have the greatest current flow? (Assunw 
that the cetH are ail the same kind and that the lan^s are 
identical .) 



A b 




5. Which of the following will have less current flow? 
(Assunie that the celts are of the same type.) 

a. a circuit with six cells supplying the outside force. 

b. A circuit with three cells supplying the outside force. 



(b) a circuit with three cells supplying the outside force 

6. Since the directed drift of electrons constitutes current flow, 
you can infer that the amount of current can be determined by 
counting the nun*er of moving past a location each 

secwid. 



(electrcyis) 



?• This counting of directed electrons is a method of current 
measurement. 

Current measurement ib always used to determine the; 

a. amount of electrons In a wire. 
_ b. ^TKHJnt of current flow* 

^ c. amount of outside force being applied* 



(fa) amount of current flow 
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8# When measuring current f low, time (t) must also be taken into 
cons iderat ion. 

Which would be the highest current flow? 

36 electrons passing per hour. 
60 electrons passing per minute. 
10 e1ectr<^s passing per second. 



(c) 10 et ectrons passing per second 



9. Since electrons are moving throughout the circuit, electrons can 
only be measured as they pass a given in the conductor. 



int or locationT 



10. When measuring current, both the nun^er of electrons passing a 
given location and imist be considered. 



(time) 



11. Which correctly describes current measurement? 

determining the nun4>er of electrons passing a given 
location in a conductor within a specified time 
counting the total number of electrons moving throughout 
a circuit 

measuring the nun*er of electrons between tnK) or more 
points In a conductor 

determining the magnitude of the randan drift 



(a) determining the nun*er of electrons passing a given 
location .n a conductor within a specified tl::^ 
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12« Check each tri^ statement. 

a. Current flow In a dfsccMinected wire cannot be measured* 
>teasuren«nt of current fs a measure of the nun<>er of 

electrontji in a wi re* 
c* Measuren^nt of current is a measure of the nurri^er of 

electrons passing a given point per unit time* 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TLST PRAME 12 

a - current fl<x in a disconnected wire cannot be 
measured 

c - rteasurement uf curierU is a fiK-u-sure uf tht? 
number of eitfctrons passing a given point per 
un 1 1 t i tne 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO 
ON TO TEST FRAME 22. OTHERWISE, GO BACK TO FRAME 1 AND 
TAKE THF PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 12 
AGAIN. 



13. Because of the astronomical nun^er of electrons moving In a 
wire, electrons are best counted in large groups, such as 
coulombs. A coulomb is the unit of measurement for «>lectrlca1 
charge and contains about 6,250,000,000,000,000,000 electrons. 

If this number is multiplied by 2, how many couIckt^s vrauld 
this be? 



(2) 

1^. The symbol for charge is "Q." We have seen one unit of charge 
is the co'jlon^. 

How many coulombs are there in the following problems? 

a. 6,250,000,000,000,000,000 electrons 

^ O 

b. 6 , 250 , 000 , 000 , 000 , 000 , 000 e I ec t rons 

^ x_5 

c. 6 , 250 ,000 ,000 ,000 ,000 ,000 electrons 

X 7 



(a. 3 coulombs; b. 5 coulon^s; c. 7 coulon^s) 
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15. The amount of current flow }n a circuit is determined by 
dividing the anwunt of charge (Q) by the amount of time (t) 
required for these charge«» to pass a given point. 

Which formula woutd be used to determine current flow? 

a. Q » - 
current 

b. current » ^ 

current 
c. *. = " ■ ' ■ 



d. current «» 



(d) current ^ 



16* The unit of measurement for current flow Is the an^ere (abbreviated 
amp or a). The amper. defined as one coulon^ of charge 
passing a given point one second • 

Two coulombs passing a given point In k seconds is how many 
an^eres of current? 



a « 8 amps 

b. 0.5 an^s 

c. 2 amps 

d. A an^s 



(b) 0.5 airys 



17. Using the mathematical formula, current - Q/t, determine 
how many units of current flow there i^uld be if 3 coulon^s 
pass a given point In one sec<Md. 



a. 1/3 ampere 

b. 3 amperes 

c. 9 amperes 



(b) 3 an^res (NOTE : your answer Is Inconq^lete If you do not 

Include the unit [anyeres]) 
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18. Determine the current flow In each of the following prcAlems. 

a. Q « 10 coulonts 

t « 5 seconds 

b. Q = 12 coul^n*b 

t « 3 seconds 

c. Q « 1^ coulorr^s 

t = 7 seconds 

d. Q « 20 cou1on*s 

t « ^ seconds 



(a. 2 an^s.; fa. k anps,; c. 2 aflH>s,; d^ .5 ^nps. ? 

19. Is the letter syn*)ol for the movement: of coulon^s, therefore 
I » Q/t. Which of the following is represented by I? 

a« coulon^ 

b. an^ere 

c. current 



(c) current 



20. M-lch the letter symbol to Us appropriate electrical terms 



1. charge a. a 

Z. ampere b. I 

3. current c. Q 

k. amp 



(1. c-Q; 2. a-a; 3. b-l; a-a) 
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21. Match the statements to their equivalent mathen^tical expression. 

1. f a 6 a a. The current flow is 6 amperes. 

2. \ ^ S B b. Four an^s of current are 
3. I = ^ a flowing. 

c. Current flow In the circuit 
Is 5 amperes. 



(1. a-the current flow Is 6 amperes; 2. c-current flow In the cir* 
_ cult is 5 aiT^eres; ^. b'four ann^s of current are fleeing) 

22. Convert the following statements to their equivalent 
mathematical expressions. 

a. The current flow Is equal to 10 mtperes, 

b. Eight an^eres of current are f Iwing. 

^^^^ c. The current Is 3 amps. 

d. The curren*' (in any unit) is charge f^r unit time. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 22 

a. i - 10a 

b. I " 8a 

c. I = 3a 

d. I - Q/t 



IF ALL YOUR ANSWERS NATCH THE CORRECT ANSWERS, YOU HAY GO ON 
TO TEST FRAME ^2. OTHERWISE, GO BACK TO FRAME 13 AND TAKE 
THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 22 AGAIN. 

23. When soTvtng mathematical express I ckvs , It can be very c(m~ 

bersone to manipulate figures such as 6,2^ ,000,000, 000, (H)0, 000, 
For this and other reasons, a siinplifled, abbreviated method 
caMed scientific notation is used. 

Scientific notation is: 

a. a method of simplifying very large nim^rs. 
b. a form of abbreviation. 

c. used to make mathematical confutations easier. 

dj (all of the above) 



Cd) all of the above 



2U. Below are two exan^les of numbers converted to scientific 
notation: ^ 

100 - I X 10^ 

2000 » 2 X 10^ 

The nun4>er written above and to the right of the nuinber 10 
is called an exponent. 

Vftiich niMnbe'^s below have indicated expedients? 

a. 10* 

b. lOj 

c. 10 X 10 

d. 5 X 10^ 



_ — 

(a. 10 ; d. 5 X 10^) 
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25. In the expression 10 , the exponent indicates that 10 is to 
be multip] ied by itself. 

If 

to means that: 

to must be nHjttiptied by itself 4 times, 
four tens must be multiplied together, 
to. Is equal to 10,000. 
10 is equal to 1,000. 



10 must be multiplied by Itself 4 times; 5^! four tens must 
be muttiplled together; c. 10 Is equal to 10.000) 

26. A number which has an exponent is said to be raised to a ^oMer. 
Which nun^ers below are to be raised to a po^rl 



a. 


100^° 


b. 


10-5 


c. 


10 X 5 


d. 


'"5 



(a) 100^^; b. 10^^ 

27* The nuff^er below and to the left of the exf>onent Is called a 
base nimber* 

In the expression 10^, which Is the base nun^er? 



TToT 



28. The '.ystem of scientific notation using powers of ten Is 

possiole because of cKjr decimal or base 10 nun^erlng system* 

Our base 10 nun^^erlng system makes fK>sslble a system of 
scientific notation utilizing • 



(Powers of ten) 
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29. Because of our base 10 nun^ering system, we can express any 
number as a nun^er times Some power of ten without changing 
the numerical value. 

128.2 = 12.82 X 10^ = 1.282 x 10^ - 0.1282 x 10^ 

Each time the decimal point is moved one place to the left, 

it's the same as the original nuirt)er 

mu ) t i p I y i ng/d i v ! d i ng 
by . This is indicated by increasing the 

exponent by 1 each time. 



(dividing;"lor 



30. Indicate the proper exponent. 
3000 - 30 X 10 - .3 X 10 



2 zr 

30 X 10 . 0.3 X 10 



31. Scientiff- notation provides a convenient way of dealing with 
very larcjc or very small nun*ers. Any number may be written 
In scientific notation by expressing it as a nun^r equal to 
or larger than one but less than ten; this nun^er nultlplled 
by ten with the appropriate exponent. 

Which are examples of nun^rs expressed In scientific notation? 

a. f ,250,000,000,000,000,000 

b. 1.5A X 10^ 

c. 10 X 10^ 

d. 25 X 10 



e. 8 X 10 



5 r- 

(b. 1.5A X 10^; e. 8 X 10 ) 
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32. To convert J nunter greater than one to scientific notation^ 
the first ^top H to locate the decimal ^int. 

Exan^^le: start with 2S6; place a decimal to the right of 
the 6p namely 256. 

Given: 332^ - where will you place the decimal? 



33. The second step is to move the decimal point to the LEFT 
until the only digit to the LEFT of the decimal is a number 
equal to or greater than one but less than ten. 

Example: 256 - Step One 256. Step Two 2.56 

Given: A732 - Step one Step Jvio 



(A732. ^.732) 

34. The third step is to count the number of places the decimal 
point was moved to the LEFT. This will be the correct 
POSITIVE exponent for scientific notation of nun*ers equal 
to or greater than one. 

Example: 256 - Step One: 256. Step Two: 2.56 

Ste'i Three: 2.56 x 10 

Given: 537^ - Step One: Step Two: 

Step Three: 



(5374. 5.374 5.374 x 10^) 



35. If the nui^er you are converting to scientific notation already 
has a decimal (e.g., 146.5), onit step one and proceed. 

Exan^le: 146.5 Step One: (sicip) Step.T^}: 1.465 

Step Three: 1.465 x 10 

Given: 39.4 Convert to scientific notation 



(3.94 X 10') 
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36. Recall that a coulonA equals t^ut 6, 250 ,000 ,000 ,000, 000 .000 
electrons. 

Place a check In front of the answer which correctly expresses 
a coulond) In scientific notation* 

18 

a. 62.5 X 10 electrons 

2k 

^_ b. 6.25 X 10 electrons 

2k 

c. .625 X 10 electrons 

18 

d. 6.25 X 10 electrons 



IB 

(d) 6.25 X 10'° electrons 



37. Express the following numbers In scientific notation. 



a. 27*15 

b. 263 

c. 2«».5 

d. 5,000 



ta. 2.745 X 10^; b. 2.63 x 10^; c. 2.^5 x 10^; d. 5 x 10^) 



38. To convert nun^rs less than one to scientific notation, 
move the decimal point to the RIGHT until there Is just one 
digit to the LEFT of the decimal point. Count the nun^er of 
places the decimal point was moved. This will be the correct 
NEGATIVE exponent for scientific notation for numbers less 
than one. 

Example: .00i»92 » 4.92 x 10~^ 
Given: .0005 - 



(5 X '0'") 



M 



ERIC 



P.l. On«-tV 

39. Convert the following numbers to scientific notation. 

.157 

.005^ 



.000032 



(1.57 X 10"^ 5.^ X 10"^ 3.2 X 10"^) 



40. Okay, let's run through It again! 

To convert decimal fractions to scientific notation: 

1. Move decimal point to the RIGHT until there Is a single 
digit number from 1 to 9 to the LEFT of the decimal point. 

Example: .017 - Hove the decimal to RIGHT - 1.7 

2. Count the nwi^r of places the decimal was moved to the RIGHT. 
Example: .017 - Step One: 1.7 Step Two: moved 2^ places 

3. This Is the correct NEGATIVE power of ten. 

Example: .017 ** Step One: 1.7 Step Two: moved 2^ places 

Step Three: 1.7 x 10 

Express the following In powers of ten: 

a. .OOOOU « 

b. .143- 

c. .027 - 



(a. 1.4 X 10"^; b. 1.43 x 10"^; c. 2.7 x 10^ 
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'll. To convert any number fnwt scientific notation, simply move 
the decimal point in the apprc^riate direction the number of 
places indicated by the power of 10. 

k 

For example: 6.75 x 10\*> 67.500 (decimal moves 4 places right) 
6.32 X 10 ^ - .00632 (decimal moves 3 places left) 

Convert from scientific notation. 

.-4 



a. 6.75 X 10 

-1 



b. 3.28 X 10^ 



c. 4.71 X 10 

d. 6.28 X 10^ 



(a. .000675; b. 328; c. .471; d. 6,280) 



42. Convert the followirg nui^rs as Indicated. 



To Scientific Notation To Decimal Nimbers 

.-1 



a. 120 d. 10 

b. 0.0125 e. 10^ 

L 

c. 138,000 f. 10 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME k2 



a. 


1.2 X 10^ 


b. 


1.25 X 10~' 


c. 


1.38 X 10^ 


d. 


.1 


e. 


100,000 


f. 


10,000 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS. YOU MAY GO ON TO 
FRAME 53. OTHERWISE, GO MCK TO FRAME 23 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME k2 AGAIN. 



43. Another useful system of abbreviations Is the use of metric 
prefixes. BeloM Is a table which lists two prefixes commonly 
used In measurement. The table also shows abbreviation, 
expression In powers of ten, and values. 

Cofl^lete and refer to this table In answering frames to 51. 



PREFIX 


ABBREVIATION 


P(WER OF TEN 


VALUE 


mini 


ffl 


10-' 


< ) 


micro 


V 


10-' 


ml 1 1 ionths 








or 1/1.000.000 



(thousandths or 1/1000) 



99 
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kk. Which of the following Is equal to a mil lamp? 

a. 1000 a<i^s 

b. 1/1000 amp 

c. 1 X 10 amps 

d. 1 X 10 amps 



(b. 1/1000 amp; d. 1 x lo" ant>s) 
'iS* Write cme mlcroan^ as a fraction and In scientific notation. 



(1/1.000.000 amp 1 x lO"** amp) 

a. milllan^ 

b. mlcroanq) 



(1. fa-mlcroany; 2, a*mi11lagy; 3. b^mlcroamp; k. a-mlHlafly) 

ii7. Recall that air^re Is abbreviated a, 

»tow t^uld milllan^ be abbreviated? 



(ma) 



46. Match. 

1. 1 X 10"^ 

2. 1/1000 amo 

3. 1/1,000,000 anp 

^1. 1 X 10 afsp 



100 



P.I. One-IV 
kB. Change the fol tawing to na. 

a. I ■ 6 X 10 ^ amps 

b. I • 3.5 X ]0 "* amp^ m a 

c. I ° .042 amps ma 

(a. \ ■ bma; b. I - 3.Sn»; c. I » ^ma) 



49. The Greek letter u (nu) Is used to Indicate the prefix 
micro-. 



How would microai^ be abbreviated? 



(pa or \)Kf 



50. Conversions can be handled easily by using pcMers of ten. 
For exan^le: it is (tesired to change .023 ma to ua. ^- 
Flrst: Write .023 ma as a power of 10 " .023 x 10" a 

Second: Move the decimal point to the right 3 places 
to- increase the power of 10 to 10' « 23 x 10' 

Third: Write the number using the u prefix » 23 pa 
Another example: .la to ma (1) .1 x 10^ (2) 100 x 10'^ (3) 100 ma 
Malce the following CMiverslons 

a. .006a ■ 

b. 200pa » ma 

c. .C^2ffla a 

d. Ikfna « ya 



(a. 6ma; b. .2raa; c. .000062a; d. 24.000ua i2k x lO^ya) 

51. Express as indicated, 
a. .006a •* ma 



1 


ua 




ua 



(a. 6ma; b. 50ya; c. 2pa) 
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52. COTvert the following expressions as indicated, writins your 
answers as decimals. 

TO AMPS TO MILLtAMPS 

a. 100 mi 1 11 amps d. 0.1 amps 

b. 1000 ml 11 lamps e. 1/1,000 amps 

c. 10 mi 11 lamps f. 0.01 amps 



(a - .la; b - la; c - 0.01a; d - lOOma; e - Ima; f - lOma^ 

53. Using scientific notation 

Convert to a. Convert to via. 

.005a 
.OlOa 
.000002a 
.000020a 



a. 
b. 
c. 
d. 



lOma 

5ma 
kua 
30i<a 



e. 

f. 

9< 
h. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS 




TEST FRAME 


a. 


1 


X 


-2 

10 U or 


b. 


5 


X 


lO'^a 


c. 


k 




I0"*a 


d. 


3 


X 


lO'^a 


e. 


5 


X 


lu ya 


f. 


1 


X 


10 ua or 


9- 


2 


X 


lO^ua 


h. 


2 


X 


lOua or 



10 ya 
2 X 10^ pa 



IF ANY OF YOUR ANSWERS IS INCORRECT . GO BACK TO FRAK£ 43 
AND TAKE THE PROGRAHHED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU NAY TAKE THE PROGRESS CHECK, 
OR YOU NAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU 
TAKE THE PRfHSRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, 
GO ON TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD OF INSTRUC- 
TION YOU WISH UNTIL YOU CAN ANSWER ALL THE (^ESTtONS CORRECTLY. 
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SUMMARY 
LESSON IV 

Measuretiwnt of Current 

Alt measurenient !s some form of counting or quantifying, and fflaasurlng 
current flow Is no exception. Since current flow 1$ the fflovement of 
electrcMis* we count the number of free electrons (directed movement) 
passing through the circuit per unit time to measure current. 

Because the amount of charge carried by one electron is minutely 
small, an extremely large nun^er of electrons must move around the 
circuit to do a significant amount of wori(. To simplify the counting, 
a larger unit of charge called the coulon^ is used. One couloni> 

ID 10 

has about 6.2S x 10 electrons in it. Think of it: ID Is a million, 
million, mill Ion! 

The other factor to be considered in measuring current flow was seen to 
be time. The more electrons moving through a wire in one second, the 
greater Is the current flow. 

The basic unit of current f]cm Is the awyere. One an^yere of current 

flows when one coulof^ of charge (6.25 x 10 electrons) passes any 
(x>sltion In the circuit in each seccmd. 

To sln^llfy writing and talking about current flow, several shortcuts 
are used. One Is to abbreviate ampere by the letter A (either capital 
or small) in writing. In speaicing, an afl^>ere will usually be called 
an af^ . Another abbreviation used is the letter "I" ti^lch stands 
for current flow. To write "the current flow is three amperes" using 
this system, you would write "I *■ 3a"; in speaking, you would say 
"I (or the current) equafs three an^s." 

The relationship between current, time, and charge can be given 

mathMnatical ly as i « ^ where \_ is the current in an^s, T Is the 
time in seconds, and ^ Is the charge In couloirs. " 

The last stKirtcut to slfl^lify working with current is the use of 
the metric prefixes mi 1 1 1- and micro- . One mllHan^re Is one one- 
thousandth of an ampere and one microampere Is one (»te-ml 1 1 lonth of 
an ao^ere. These are abbreviated by the small latter 'V for mil 11 
("ma" means milliampere) and the Greek letter nu "p" for micro 
("pa" for microamperes). 

AT THIS fH) I NT, YOU NAY TAKE THE LESSON PROGRESS CHECK, OR YOU HAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS 
CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD 
OF INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON V 
The Anneter 

In this lesson you will study and learn about the fot lowing: 

-Mhy the anneter 

-how an amaeter works 

-flieter tolerances 

-the practical use of the afflmeter 

Each of the above t^lcs will be discussed In the order listed. 
As you proceed through this lesson, observe and foltcM directions 
carefully. 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON V 

The Anroetef 

To learn the material In this lesson, you have the option of ch<K>slng, 
according to your experience and your preferences, any or all of the 
following: 

STUDY BOOKLET: 

Lesson Narrative 
Progrwvned instruction 
Lesson Simniary 

ENRICHMENT MATERIAL: 

NAVPERS 93400A-ia "Basic Electricity, Direct Current." 

Fundamentals of Electronics . Bureau of Naval Personnel. 
Washington, O.C: U.S. Government Printing Office, 1965. 

AUDIO-VISUAL: 

Sound/slide presentation, "The Nmeter," 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME. UPON COMPLETION OF THIS 
LESSON, YOU SHOULD ASK YOUR INSTRUCTOR FOR THE MODULE TEST COVERING 
ALL THE LESSONS IN THIS BOOKLET. YOU MAY REVIEW PREVIOUS LESSONS 
IF YOU WISH. 
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NARRATIVE 



LESSON V 



The Ammeter 



Vift>y the Amnwter 

We cannot see or feel either electrons or cou1ai4>s to count them, 
so we need soim device to detect tf^a for us. The lamp we used 
In lesson fV gives some Indication of current flow, but it has 
two major drawbacks: 

1. It does not n^sure current In any units which 
can be easily recorded and comf>ared to measure- 
a»nts made at other times or places. 

2. It is useful over a very small rar^e of current 
flow only, if the current is too small, the lati^ 
will not g1<M; If the current Is too large, the 
lamp will burn out. 

To overcoflw the first objection, vm need a device that can tell 
us tHM R»ny amperes (couloirs of electrons per second) are moving 
through the circuit. A speclat meter desigrad to do this Is 
called an ammeter . The name Is derived from the Mtpere. 
but notice that the "p" is dropped and cmiy the first two letters 
of afl^>ere are used In spelling ^neter . The design of the aimieter 
takes care of the second dra«H>ack also, n»king it a useful 
measuring t<x>1 for you. 



How an Ammeter Works 

An annwter Indicates the «i»unt of current flowing thrmigh It by 
the position of a pointer in front of a calibrated dla^ face. The 
movement of the pointer Is proportional to the rate of electron 
movement thrcHjgh the meter, that Is, how much charge moves through 
It each second. 




106 



NarrAtfve 



One-V 



The schematic symbol for an ammeter Is: 




How To Use An Ammeter 

The Mineter is in many ways simitar to the water meter which 
measures how much water is used in your house. Both meters must 
be connected so that the currents (water or electric) you want 
to measure flow through them. Atl the water going into your 
hodtt from the water main goes through the water meter like this: 



water 



house 



Feeiter Liiw 



■\SS 



in Che same way^ an anmeter must be ccMinected so that all the 
electric current to i» n^asured goes through the anme ter like this: 



i 



-0^ 



G 



This kind of connection is called a series circuit, which 
simply means that everything is OMinected in a straight line 
(one conducting path). The cell you added in Less«i iV was 
in series with the rest of the circuit con^nents. 



Hooking Up An Anweter 

To ccmnect the ammeter in series, you must first de-energize 
(take away the outside force from) the circuit. The second step 
is to open (cut or break) the circuit where you are ^ing to 
insert the ammeter. 

Now connect the positive i+) terminal of the ammeter to the 
wire which leads toward the (xssitive terminal of the cell, and 
the negative (-) ammeter terminal to the wire which leads 
toward the negative ccmnector of the cell. The prc^ess of 
connecting positive to (x>sitive and negative to negative is 
called crf>servinq polarity , and it is necessary l^cause the meter 
will read current in one direction mily. Connecting the meter 
backward will make it try to read in reverse and may bend or 
break the pointer. 
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The red meter lead should be inserted In the red anmeter Jack 
and the black lead in the black ammeter jack on top of the 
ammeter. 



fteter Tolerances 

With respect to meter readings, it should be noted that measure- 
ments of the same circuit taken by several different meters could 
vary slightly. This Is because some of the circuit energy is used 
to <^rate the meter and no t»o meters are exactly alike. Also, 
because of differences in c<mstruction and energy losses within 
the meter, readings must be thought of as approximate, ^t exact, 
readings. Normally, a meter will be accurate within a -51 
tolerance range of the e^xact measurement. 

Experiment #1 - Using an Gamete r 



(kM using the procedures and safety precautions listed below, 
you will measure current flow through the circuit con- 
structed In Lesson iV: 




1. Draw a simple ammeter from the Resource Center. 

(Note: Care must be taken In the selection of the meter. The 
current flowing In the circuit must not exceed the range of 
the meter used. For this experiment you can assume that the 
meter provided has a high enough range to handle the circuit 
current. However, in following experiments you will be required 
to determine this for yourself.) 

2. Attach the alligator clips to the meter test leads 
(red to red, black to black). 

3. Ensure your circuit is de-energized. The switch should 
be in the open posit loni ( AS A HATTER OF PERSONAL SAFETY 
NEVER ATTEMPT TO CONNECT A WllR IN AN ENERGIZED CIRCUIT .) 

k. Open the circuit by removing the wire between Tl and T2 
(the ammeter will be Inserted between these points to 
c<^1ete the circuit). 

5. Attach the meter leads to Tl and T2 observing polarity 
(black lead to Tl, red lead to T2). 
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if proper polarity is not observed the needle wMI attempt to 
deflect to the left. This will result In damage to the meter. 



The cl rcuit sh<Mj1d noM 1o<A like this: 




6. Close the switch and observe the meter reading. Look 
directly at the meter face from the front ; do not make 
the reading when looking at the meter frtm an angle. 

7. Record the reading. 

8. Oe-energize the circuit. 



Your read i ng should be approximately 0.2k maps. Recall what we 
said about meter tolerances. 



1. Now disconnect the secmd cell by unhooking the wl re from 
that cell to T8, and the wire fron the + terminal of ceil 
one to the - terminal of ceil two. 

2. Reconnect call one as the only source for the circuit by 
connecting wire from positive terminal to T8. (Wire from 
negative terminal should still be cmnected to T1.) 

3. Connect probes of ammeter at T1 and T2, observing correct 
polarity. 

k. Close switch and record meter reading. 

5. Open switch. 

6. OisccMinect meter clips. 



You should have recorded approximately 0.16 ai^s. 

Recall that the »ameter mist be connected In the circuit so that 
It becomes a part of the circuit and conqyietes tite path for 
current flow, in a si^le circuit wi^re ail co^>onents are in 
series one rlc^t after the other, the snneter reading will be 
the sane at any place In the circuit. To prove this, let's dis-* 
connect the lamp from T7 and connect the ammeter between T7 and 
the leaii you Just removed. 
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1. Connect a wire betv^en points T1 and T2. 

2. With switch In open position, connect red imter clip to 

T7 and black fneter clip to the side of the lamp closest to 
T7 to observe polarity. 




3. Close the switch. 

k. Record the ammeter reading. 



Again you sh<Hi1d have an approximate reading of 0.l6 Mips — 
the same reading you got at another point In the series circuit. 



NOW YOU MAY EITHER TAKE THE PROGRESS CHECK OR YOU MAY STUDY ANY OF 
THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL THE QUESTIONS CORRECTLY, YOU HAVE MASTERED THE MATERIAL 
AND ARE READY TO TAKE THE MOWJLE TEST. SEE YOUR INSTRUCTOR. 



IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF YOU 
MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION YOU 
WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK ANSWERS CORRECTLY. 
TMEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE TEST. 
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PROfiRAHHF I NSTRUCT ION 
LESSON V 
The Amroter 

TEST FRAMES ARE 13, 21, 27, and 28. AS BEFORE, GO FIRST TO TEST 
FRAME 13 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW 
THE DIRECTIONS GIVEN AFTER THE TEST FRAME. 



K Recall that current flow In a wire Is the movement of sub' 
microscopic particles called: 

a. protons. 

b. neutrons. 

c. electrons. 



(c) electrons 



2. An^rage or the amount of current Is partly determined by: 

a« counting the nuii^er of electrons passing a given 

point per second. 

b. measuring the velocity of electrons. 

c. measuring the distance a coulee travels In <^e second. 



(a) counting the number of electrons passing a given point per 
second 



3. Since electrons cannot be seen» a special measuring device must 
be used to determine amperage. 

The name of a device used to n^asure current Is an ammeter, or 
meter. 

a. voltage 

b. amperage 

c. resistance 



(b) anyerage 
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k. An anneter is used to measure 



(current or amperage) 



5. The anmeter Indicates the amount of current flow by the position 
of a pointer In front of the meter dial. 



VAilch lettered arrow Identifies the pointer? 




(c) pointer 



6. Refer to the Illustration In frame 5. The amount of current 
flowing Is . 



lapproxlmately 2.3 anps) 

NOTE: Mo two meters are exactly alike and therefore their 



readings will differ slightly^ In general, the ^ulfment 
will give a reading within a '5% tolerance range. 



7. The position of the pointer Is determined by the amount of current 
flow through the meter: the greater the current, the farther the 
pointer will move, and the higher the meter will read. 

Select the current flow which will give the greatest movement 
of the fK> Inter. 



a. 
b. 

c. 
d. 



3 amps 
2 an^s 
k afl^s 
1 anp 



(c) ^ ampT 
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8. Each meter has a maxlimnn current that tt can meas< re. This Is 
indicated by the highest nufi^r Indicated on Its JIaK 




The maxlnnm safe current to pass through the above meter Is: 

a. 8 a^s 

b. 16 ma 

c. 16 imi 

d. 16 m^s 



(d) 16 amps 



9. Now repeat this question with a meter available to you fron 
the resource center. 

The maxiimNn limit of your meter is . 



(1 any) 




(c) 8 amps 
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n. The anmeter also contains terminals to allow tt to be placed 
Into the circuit. The positive terminal Is colored red and 
the i^gatlve terminal Is black. 

Label the terminals according to their correct color. 




G 



(a - red; b " black) 



12. Hatch: 

1. + a. ne^tlve terminal 

2. - b. positive teralnal 
3. red 

k, black 



(1. b'posltlve terminal; 2. a-negatlve terminal; 3* b-posi tl ve 
terminal; k, a-negatlve terminal) 



13. Label the parts of the meter shoim In the illustration below. 




(THIS IS A TEST FRAME. COHPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 13 

a. positive terminal 

b. pointer 

c. negative terminal 

d. meter dial 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANStARS, Y(HI »y^Y GO ON TO 
TEST FRAHE 21. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE 
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 13 AGAIN. 
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14. The leads, or wires, used with amneters are usually the same color 

as the terminals of Che meter. 

Select the correct lead and terminal con^inations. 

a. red lead, black terminal, positive 

b. red lead, red terminal, positive 

c. black lead, black terminal, negative 

d. black lead, red terminal, negative 



(b- red lead, red terminal, positive; c black lead, black 
terminal, negative) 

15. The anmefer must be connected in the circuit so the current 
to be measured flows through the «nneter, and all the cir- 
cuit conY>onents. This is known as a series connection. 

Select the illustration showing the ammeter correctly con- 
nected into the circuit. . JK\ , , 



16. To sin^Jlify schematics, the ammeter is shown as a circle 
with the letter *'A*' inside It. 

Draw the schematic syn^ol for an airaneter. 




17. the polarity (+ to + and - to -) of the meter and circuit must be 
observed when connecting an ammeter into the circuit. 

Select the schematic which has the ammeter correctly Installed. 
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t8. The amneter must be connected In series with the circuit whose 
current you are measuring. Remember - In series means In a line. 
So here Is how the meter would be connected Into a circuit. 



(5> 



As you can see, polarity was dliserved by connecting the 

lead to the negative terminal of the cell and the 

lead to a more positive point thus connecting the ammeter HT 



(negative - positive - series) 



19* If the wmeter were to be connected across any component 

of the circuit. If would probably be damaged by excessive current. 
ALWAYS CONNECT THE Af«lETER IN 



(series) 



20. Check the schematic which shcMS the ammeter correctly In- 
SMlIed. 




I 



(a; b^ Is wrong because of polarity; c Is wrong because of the 
ammeter connect Iwi.) 
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21. Which statements are correct ccHicerning the ammeter? 



a. measures current flow 

b. should be connected fn parallel to part of the circuit 



d. Is not sensitive to the directicm of current flow 

e. has a schematic symbol like this: 

f. should be cmnected In series 



(THIS IS A TEST FRAHE. COHPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 



c. 



has a schematic symbol like this: 
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ANSWERS - TEST FRAME 21 

9 - measures current flow 

e " has a schematic sysibol like this: 

f - should be connected In series 



IF ALL YOUR ANSWERS NATCH THE CORRECT ANSWERS, YOU HAY GO ON TO 
TEST FRAME 27. OTHERWISE, GO BACK TO FRAME U AND TAKE THE 
PROGRAMMED SEQUENCE BEFORE TAKIIM TEST FRAME 21 AGAIN. 
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22. When {nstalling an «meter In a circuit ^u must first de- 
energize, open the circuit. 



Whic h schyn^ic shows a d e-energized circuit ? 





(c) de-energized circuit 



23. A circuit is de-energized when: 

a. no current can flow. 

b. little current flows. 

c. a switch is closed. 



(a) no current can flow. 



if you have not already (tone Experiment #1 in the narratiira, turn 
to page 110 of this less«i and perform the experiment prior to 
procMding. 



24. When talking current readings, take the following steps: 

1. De-energize the equipment. 

2. Select the proper meter range for measuring the naxiimm asoimt 
of current exp^ted in the circuit. 

3. Connect leads, placing meter in series with the circuit, 
observing • 

k, \A\en you are clear of equIfMnent, erargize equipment. 

5. Take reading. 

6. Oe-energize equifment. 

7. Disconnect meter. 



(Polarity, and safety precautions for yourself and the meter) 
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2S. Complete the steps for correctly making DC current measure- 
ments; see frame 2k, and think about each step. 

1. equipment. 

2. Select for measuring the maximum amount of 
current expected in the circuit. 

3. Connect leads, placing meter in wi th the 
circuit, observing . 

k. When you are clear of equipment, equipment. 

5. Take . 

6. equipment. 

7. . 



(S^ frame 2^) 



26. Which column correctly lists the steps for correctly measur 
Ing current? 

A 

1. Energize equipment. 

2. Connect leads, placing meter In series. 

3. Select the proper meter. 
k. Oe-energize equipment. 

5. Take reading. 

6. De-energIze equipment. 

7. Disconnect n»ter. 

B 

1. De~energlze equlpi^nt. 

2. Select the proper meter. 

3. Connect leads placing meter in series. 
k. Energize equipment. 

5. Take reading. 

6. De-energIze equipment. 

7. Disconnect meter. 



"(I De-energIze equipment 
Select the proper nster 
Connect leads placing meter in series 
Energize equlf^nent 
Take reading 
De'energize equipment 
Disc<Minect meter) 

A-does NOT observe safety precautions 
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27. Write out the steps required to properly connect an ajnottter. 
1. 
2. 

3. 

k. 

5. 
6. 

7. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 27 
See Frame 2k 



IF ALL YOUR ANSWERS NATCH THE CORRECT ANSWERS, YOU NAY GO (M TO TEST 
FRAME 28. OTHERWISE, GO BACK TO FRAME 22 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 27 AGAIN. 



28. With coRq>onents contained In your modular kit, build the single 
circuits sba^m below, and taive current readings. 




(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 28 

The current !n Circuit B should be greater than that of 
circuit A. If not, checl( with your Instructor. 



IF YOUR ANSWERS ARE CORRECT, YOU HAY TAKE THE PROGRESS CHECK, OR 
YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE 
PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, YOU HAVE 
MASTERED THE MATERIAL AND ARE READY TO TAKE THE MODULE TEST. SEE 
YOUR INSTRUCTOR. 



IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF YOU 
MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION YOU 
WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS CORRECTLY. 
THEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE TEST. 
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SUMMARY 



LESSON V 



The Anneter 



Because we can nel ther see nor feel electrons , we must determine cur- 
rent by measuring some effect of the mov^^nt of charges. We could 
use the br fatness of a lamp to do this, but the light bulb 
Indicator has three major dr»^acks: 

1. We camot easily record or cM^re readings. 

2. It Is useful over a very limited range of currents only. 

3. The }mep takes too much of the electrons ' energy 

away frtm the work we want done In the circuit, thereby 
disturbing the circuit. 

A device called an Mmeter overcomes all three difficulties and Is 
the normal method for measuring current flow. The ammeter Indicates 
the current flow trough It by the position of a pointer In frwit of 
Its calibrated dial. The schesatlc syn^ol for an Mmeter Is: 



An «aBeter mist be coinected In series so that all the current 
to be measured flows tiirough It. The schematic diagram for a 
circuit with an ammeter c«inected Is: 



If you are satisfied with your understanding of the ammeter, read 
"Hodclng Up an Ammeter" in the Narrative for this lesson, then 
perform the experlmeni "Using an Ammeter" which follows it; if not, 
continue your study of Lesson V. 



NOW YOU NAY EITHER TAKE THE PROGRESS CHECK OR STUDY ANY OTHER OF THE 
RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL 
(lUESTIONS CORRECTLY, YOU HAVE fMSTERED THE MATERIAL AND ARE READY 
TO TAKE THE MODULE TEST. SEE YOUR INSTRUCTOR. 

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF YOU 
MISSED ONE OR MORE QMESTIONS, STUDY ANY >£THOD OF INSTRUCTION YOU WISH 
UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK ANSWERS CORRECTLY. THEN 
SEE YOUR INSTRUCTOR AfiD ASK TO TAKE THE MODULE TEST. 
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